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PREFACE 




MOST authors, from a natural anxiety to render their fub- 
je£ls as compleat as podible, are in danger of being be- 
trayed into prolixity : An attention to minute circumftances may 
be neceffary in fomp kinds of compofition, but prolixity is alto- 
gether inexcufable in a fcientific writer. His objedi is to explain 
the principles of fciencc in the moft fimple and perfpicuous 
manner. To accomplifh this end, every fuperfluiiy of language 
and reafoning ought to be ftriftly guarded again ft. Whoever 
has attended to books of fcience will readily allow,' that moft of 
them are capable of abridgement ; and that this abridgement, 
inftead of obfcuring, or rendering the fubjedk more difficult, 
^ill make it more clear and intelligible to the generality of ftu- 
dents. *^ 

Simplicity and concifenefs arc peculiarly neceffary in com- 
municating the Elements of fcience, which are always lefs in- 
terefting to the ftudent than the praftical parts. If the author 
be tedious in this article, the mind, being entirely unacquainted 
^ with the utility or application of elementary truths, is apt to re- 
^ Volt and abandon the ftudy. But fimplicity and concifenefs are 
^N- more' indifpenfible in the elements of mathematics than any o- 
^ ther fcience. Unfortunately, however, too little attention has 
"*" hitherto been given to this circumftance. 

Euclid, an author long and juftly admired for the excellency 
of his general method, has often gone fo minutely to work in 
his demonftrations, as to render many plain propofitiotis not only 
tedious, but difficult. His manner of demonftrating is un- 
^ueftionably the bcft tliat has yet appeared, and therefore ought 
to be followed : But it is by no means impoffible to make his de- 
monftrations as plain in much fewer words, and even to arrange 
many of them in a different manner, without doing the leaft 
injury to his principles. 

This tafk 1 have undertaken in the following (heets. If 
I have fucceeded, one capital obje£tton to the ftudy of mathe- 
matics is happily removed, as the Elements of Euclid may now 
be learned in one half of the ufual time, and with greater eaie 
to the ftudent.* 

That the reader may be the better prepared for the alterations 
- he may meet with, I have here mentioned a few, with the rea- 
fons which induced me to make them. 

Book 
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Book Ir ax. 10. ^' Two right lines do not bound a figure i^ irtV 
ftcad of " include a fpace, " the boundaries offpace, being dif- 
puted by metaphyfical writers, become unfit for a mattiematicat 
axiom. Prop. 5. which is rather too tedious, I have proved from^ 
prop. 4. in very few words, and have not ufed more freedom than 
is done in the demonftration as it now ftands. The fecond part^ 
viz, the angles below the bafe, I have left out till the 1 3th is pro- 
ved, from which it eafily follows ^ and Irkewife in proving the 
bafes equal in the 4th, I have changed the indirefl: proof, and 
given a direft one, by which it is both (horter and eafier com- 
prehended. The manner in which : have enunced the 7th 
prop, renders the fecond part of the 5th unnece&ry ; yet have 
fuppofed no more given than what muft be fuppofed before a 
proof can be begun.* But,, thofe who think it. ought to be in 
more general termsy I have indulged in the 21ft, from which it 
naturally follows. As fome have thought axiom 12, not felf- 
evident, and therefore ought not to be an axiom,^ Ihave added 
a cor. to prop. 17. that convincingly proves it. The 35th and 
37th are joined in one, as nothing can follow more naturalljc 
than, if the wholes are equal, their halfs are likewife fo. The 
fame may be faid of the 36th afid 33th ; nor is it lefs natural to 
prove it from half the parallelogram than to double the triangle^ 
and then take its half. 1 cannot agr^ e with Mr Simpfon in 
leaving out the corollaries from prop. 32. nor can 1 find any 
reafon for his fo doing. 

Book 11. I have varied the enunciation of feveral of the pra- 
pofitions, and exprellcd them in clearer terms. In the 8th pro- 
pofition, the equality of the fquares is proved in a fhorter but 
clearer manner than that prefently ufed. The 13th is retained 
much in the fame manner as in Commaridine's Euclid ; for, 
though it be true of every fide of a triangle fiijptending'an acute 
angle ; yet, as the demonftration is general, and the perpendi- 
cular falling within or without the triangle, makes no real alte- 
ration, proving it in different figures^ becomes unneceffary. 

Book III. Tie firft definition is challenged by Mr Simpfon^ 
which, he fays, ought to- be proved ; for this I can fee no reafon, 
or any neceflity of a prpof, as the ecjuality of coincident figures 
is admitted, ax. 8. Book I. I have taken another demonftra- 
tion in place of that ufed in the 2d pfqpofition,^ which 1 thought 
as mathematical as that ufed either by Commandine or Simpfdn, 
and much (horter. To the 8th prop. I have added, " that only two 
** equal lines can fall cither upon the convex or concave part o£ 
*' the circumference ;" but the demonftration of the whole is 
fliorter than that prefently ufed. In* the i6th, ** the angle of a 
** femicircle'* is omitted, becaufe it follows more naturally as a 
corollary. The 1 8th and 19th sire joined in one, for the rea- 
ibns already given. I have put a fhort and natural demonftra- 
tion 
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f Jon m pkce of the ad part of prop. 21. and changed the figore. 
The 25th is (hortenedi and the 28th and apch joined in one. ki 
the 31 ft) ^* the angle of a fegment'' is left out» but refumed in 
the cor. as it follows naturally from the propofition. I hare add- 
ed a cor. to prop 37. which is found necefiary in pra£lice* 

Book IV. is much fhortened» the 12th) lyh, and isth, are 
demonftrated in a different manner. 

Book V. is (hortened almoft in every proposition. 

In' Book VI. I have added a few words to the 5th def. which 
renders it compleat v the lemma added to prop. 22>^ is therefore 
unneceiTary ; asalfo def. A. inferted aftef dcf. ii. book V. by 
Mr Simpfon. The 5th and 6th propoGtions are joined in 
one, as alfo'the 14th and 15th; the demonftrations are in ge« 
neral ihorter. 

Book XI. Def. 10. is retained, as univerfally true, for the 
reafons given in the note at the end of the preface. Prop. 7. Air 
this propofition has no dependence on any of the preceding 
propoGtions of this book, I have put it in place of the 6th, and 
joined the 6th and 8 th in one, by which the propoGtion is made 
both fhorter and plainer than wheri feparate. The greateft 
part of the propoGtions of this book are confiderably (hortened. 

Book XII. Prop. 5. and 6. are joined in one, and much {horten- 
ed, and the demonftrations in part new. The 8th and 9th are 
demonftrated in a much fliorter and more familiar manner ; 
the greateft part of the lotb and nth being only a repetition of 
the 2d, that Prop, is only referred to, as it is not neceflary to dc" 
monftrate a prop, twice over, ,nor has Euclid done fo any where 
at fo great length as in this book. 

In Plain Trigonometry I have not inferted any thing 
that depends for illuftration On infinite feries, that being a fub- 
)c£t more proper for the higher parts of mathematics ; but have 
rendered the elements fliort and comprehenGve, fo as fully to 
contain the principles of trigonometry^ as well as to explain the 
nature and ufe of the logarithmic canon. 

In Spherical Trigdnometrt, the propoGtions are de- 
monftrated in a ftiort and eafy method, from the principles o£ 
plain trigonometry. The obfcrvations made on them by Mr 
Cunn are left out, being wholly contained in the propoGtions, 
and what he intends by them eaGly difcovered in pr%£iice. 

I have added a fhort explanation, of the nature and ufe of 
Sines, Tangents, Secant^s, and verfed Sines^ both natural and 
artificial y and how to change Bf iggs's Logarithms to the Hyper* 
bolic, and viee.verfay with examples of the above. To which 
are annexed Tables of the Logarithms of Numbers, of Sines, 
.Tangents, and Secants, both natural and artificial, which will 
ivork to the fame exa^nefs, of any extant, eyen to fecond and 
third minutes, or farther, if thought neceflary. 

Upon 
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Upon the vrhole, alAiough the above alterations are intended 
to render the elements easier and fooner acquired, yet are 
not intended to indulge the indolence of either mafter or flu- 
dent. The Elements of. Geometry being of fuch extenHve ufe, 
that a thorough knowledge of them is abfolutely necefTary, 
whether in the literary or mechanic profeflion ; the concifenefs of 
the reafoningy and conclufivenefs of the arguments, render that 
knowledge a necefTary qualification for the pulpit or bar ; and 
in profecuting the fciences, this knowledge becomes abfolutely 
necefTary : but the fooner ii can be acquired, a thorough know- 
ledge of it may more eafily be attained : and what is referved 
of that time, which even an experienced Teacher would formerly 
have taken up in barely demonftrating the propofitipns, may be 
employed in pointing out their particular beauties, Ae accura- 
cy of the rcafoning, their ufe in the affairs of life, and their ap- 
plication to the fciences, which will be of great advantage to the 
ftudent, as he is hereby let into the beauties of the fcicnce by 
the time he fora>erly could have had but even a tolerable 
knowledge of the metliod of demonflration. 

The author does not hereby mean to infinqate, that this work 
18 without exception ; that notwithflanding the pains he has ta- 
ken to render it as correct as pofTible, yet feveral inaccuracies, 
. both in the language and demonflrations, may have efcap^ his 
notice, which he hopes the learned will excufe, and lend their 
afliflance to render it more ufeful, if they fhali think it worthy 
of another impreflion. 

That Mr Simpfbn has fallen into a miftake, in the demon- 
flration he has given to prove the falfity of def, lO. Book XL 
•will appear from the following obfcrvations : 

He has proved that the triangles E AB, EfiC, EC A, contain* 
ing the one folid, are equal and fimilar to the three triangles 
FAB, FBC, FC A, containing the other folid, and having the 
commbn bafe ABC ; he does not deny the equality of thefe fo- 
lids, but compares them with another folid contained by three 
triangles GAB, GBC, GCA, and common bafe ABC, which 
fi^hree triangles he neither proves equal nor (imilar j but concludes, 
that the folid contained by the three triariglfes GAB, GBC, 
»GCA, is not equal to the* folid contained by the three triangles 
EAB, EBC, ECA, and common bafe ABC, becaufe the one 
contains the other. If he had proved, that the triangles GAB, 
GBC, GCA, were equal and fimilar to the other three triangles 
EAB, EBC, ECA, and common bafe ABC, and then proved 
the folids not equal, he would then have gained his point ; but 
>as he has not even fomuch as attempted this, def. ro. mufl be 
lield as univerfally true 5 at leafl till fome better argument is 
'produced againft it. 

But 
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But as lie fuppofes it proved not univerfally true, be prefentf 
us with prop. A9 B, C, after prop. 23. Book XI. to fupply its 
defe£t. prop. C. " Solid figures contained by the fame num- 
<' ber of equal and fimilar planes alike fituated, and having none 
<^ of their (olid angles contained by more than three plane angles^ 
" are equal and fimilar to one another." But this prop. C. wille- 
vidently appear infufficient to fupply this fuppofed defeat, on ac- 
count of the limited fenfe in which it is taken ; for, if folid fi* 
gures, bounded by an equal number of equal and fimilar planes, 
are not equal and fimilar, but under this limitation, then prop. 
15. Book V. muft not be univerfally true, which I fuppofe will 
not eafily be admitted ; and, if not admitted, then prop. C muft 
be a very infufficient foundation for proof of the following pro- 
pofitions depen4ing on it, viz. Prop. 25. 26. and 28. andcon* 
fequently eight others, viz. 27th, 31ft, 32d, 33d, 34th, 36th| 
37th, and 40th. Book XL all which are by this author tofled off 
their bafe^ which is univerfally true, and placed upon this limit- 
ed one. 

Mr SimjSfon farther objefts, that though this definition be 
true, yet ought not to be a definition, but a propofition, and the 
truth of it proved. 

The fame objection might be made with equal propriety to 
feveral others ; for example, why not prove the equality of thefc 
angles which determine the equal inclination of planes, Def. 7. 
Book XI. and the equalityvof right lines equally diftant from the 
center, both which we may conclude to be Euclid's, as Mr 
Simpfon does not obje£l to them ; for he would make us believe 
none are Euclid's that he does not affirm to be fo, and that fre- 
quently without any other reafon given for it, but his own ip/g 
dixit. If we confider the nature of a definition, it is, if I mif- 
take not, diftinguifliing bodies from one another, by fuch pro- 
perties as cannot be applied to any other bodies, but thofe it is 
intended to diftinguifh. In which fenfe, if the properties given 
in this definition are fuch as diftinguifti fimilar and equal bo- 
dies from others that are not fo in every inftance, then it is ce^^Htt^^ 
tainly a proper definition ; but Euclid has fometimes thougut^t 
proper to prove his definitions 5 for example, def, 4. Book III. ' 
which he has proved, prop. 14. of that book. This, it would ap- 
pear, he has not thought neceffary to prove, probably, if we may 
be allowed to affign a reafon in his name, that he has thought it 
fo felf-evident, that none would ever call the truth of it in que- 
flion ; but as the truth of it has, been called in queftion, the de- 
finition may be proved in the following manner from Mr Simp- 
fon's dcmonftration to prove the contrary ; for which obferve his 
own figure and dcmonftration. He has proved the three triangles 
EAB, EBC, ECA, containing the one folid, equal and fimilar 
to the three triangles FAB^ FBC^ FC A) containing the other fo- 
lid 
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lid, having tbc common bafe, ABC ; then, if thcfelWEABC is 
not equal to the folid FABC, let it be equal to fome folid as G A 
BC, either greater or lefs than E ABC, which cannot be ; for 
the one would contain the other ; and if the folid angle is con- 
tained by more than 
three plgne angles, e- 
qual and iimilar to one 
another, then it can 
be divided into angles 
which are contained 
by three equal and fi- 
milar. plane angles, 
by Prop. 20. Book Vl. 
and parts have the 

T> ^^""'^ I / — """---^ /^ ^^'"^ proportion as 

jB \^ W J^^ their like multiples, 

by Prop 15. Book V^ 
wherefore univerfally, 
figures bounded by 
an equal number of 
equal and (imilar planes are equal and fimilar. 

N. B. In the references, when the propofition referred to is 
in the fame book with the propofition to be proved, the book i$ 
not named, but only the number of the propofition, but, if ia 
any other book, both are named. 
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DEFINITIONS. 


A I. ' . Book I. 

Point Is that which hath no parts or magnitude* 

A line is length without breadth. 

in. 

The bounds of a line are points. 

IV. 
A right line is that which lieth evenly between its points^ 

A fuperficies is that which hath only length and breadth. 

VI 
The bounds of a fuperficies are lines. 

vn. 

A plain fuperficies is that which Heth evenly between its lines. 

VIII. 
A plain angle is the inclination of two lines to one another In 
the fame plain, which touch each other, but do not lie in the 
fame right line. 

IX. 
If the lines containing the angle be right ones^ then the angle Is 
called a right-lined angle. 

X. 

When one right line ftanding on another right line makes the 
angles on each fide thereof equal to one another^, each ofthefe 
angles is a right one, and that line which Hands upon the o« 
ther.is called a perpendicular to thatwher^n it ftands. 

A XL Aa 
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Book L . ^ XL 

An obtufe angle is that which is greater than a right one, 

XII. 
An acute angle is that which is lefs than a right one. 

XIII. 
A term, or boun4> is the extreme of any thing. 

XIV. 
A figure is that which is contained under one or more terms* 

XV. 
A circle is a plain figure bounded by one line, called the circum- 
ference, to which all. right lines drawn from a certain point 
within the fame are equal. 

XVI. 
That point is called the Center of the circle. 

xvn. 

The diameter of a circle is a right line drawn thrbugh the cen- 
ter, and terminated on both ends by the circumference, and 
divides the circle into two equal parts. 

XVIII. 
A femicircle is a figure contained under any diameter, and the 
circumference cut off by that diameter. 

XIX. 
A fegment of a circle is a figure contained under a right line, 
and circumference cut off by that right line^ 

Right-lined figures are fiich as are contained by right lines. 

XXI. 
Three. Cded figures are fuch as are contained by three lines. 

XXII. 
Four fided figures qre fueh as are contained by four lines. 

XXIIL 
Many fided figures are fuch as are contained by more than four ^ 
lines. 

XXIV. 
An equilateral triangle is that which hath three equal fides. 

XXV. 
An ifofceles triangle, that which hath two fides equal. 

XXVI. 
A fcalene triangle, that which hath all the three fides unequal. 

XXVIL 
A right angled triangle is that which hath one right angle in it. " 

XXVIII. 
An obtufe angled ooe> that which hath one obtufe angle in it. 

XXIX. 
An acute angled triangle is that which hath, all Jthe angles left 
. than right on^s. 
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XXX. Book I. 

A fquare Is that which hath four equal fides^ ,and its angles all' 
right ones. 

XXXL 
An oblong, or reftangle^ is longer than hwzd% its oppofite fides 
are equalj and its angles all right ones. 

XXXII. 
A rhombus^ that which hath four equal fides, but not right 

angles. 

XXXIIL 

-A rhomboideSj whofe oppofite fides and angles are equal. 

35XXIV. 
All quadrilateral figures befide thefe are called trapezia. 

XXXV. 
Parallel right line^ are fuch as, being produced both ways in 
the fame plain, never meet. 

XXXVL 
A parallelogram is a figure whofe oppofite fides are parallel. 


POSTULATES- 

. ■■ • 

I. 

GRANT that a right line mav be drawn from any one 
point to another : 

II. 
That a finite right line maybe continued direftly forwards : And, 

III. 
That a circle may be dcfcribed about any center, with any 
diftance. 


AXIOMS. 
I. 

THINGS equal to one and the fame thing are equal to 
one another. 
n. 

If equal things»are added to equal things, the wholes will be e- 

qual. 
l\ III. 

]f from equal things equal things be taken, the remainders will 
be equal. 

IV- 
If to unequal things, equal things arp added, the whole will be 
uncijujjl. 
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V. 

If from unequal things equal parts are taken^ the remainders will 
be unequal. ' 

VI. 
Things which are double one and the fame thing are equal be- 
tween themfelves. 

VII. 
Things which are half one and the fame thing are equal between 
themfelves. 

VIII. 
Things which mutually agree together are equal to one another. 

IX. 
Any whole is greater than its part. 

' . X. 
Two right lines do not bound a figure. 

XI. 
All right angles are equal to one another. 

XII. 
If a right line fall upon two right lines, making the inward 
angles on the fame fide lefs than two right angles, thefe right 
lines continually produced will at laft meet one another on 
that fide where the angles are lefs than right ones. 

^. B. Any angle is exprefled by three letters, of which 
that at the vertex is named betwixt the other two, • 
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Book L 
PROPOSITION!. PROBLEM. K^y'sJ 

defcribe an equilateral triangle upon a given right 
line* 


Let AB be tlie given right line, upon which it is required to 
defcribe an equilateral triangle. 

About the center A, with the diftancc AB, defcribe the circle 
BCD *; and about the cepter B, with the diftance B A, defcribe a Poftulate 
the ciri^le^ACE^; from the point C, where the two circles inter- 3- 
feft each other, draw the lines C A, CB *. I, p^^^^ j. 

Then, becaufe A is the center of the circle DBC, AC is equal 
to AB ^; and becaufe B is the center of the circle ACE ; BC c Dcfiniti-r 
is equal to BA*^, but CA is proved equal to AB, and BC to AB; on 15. 
therefore BC is equal to AC <*: Therefore the three fides AB, ^ Axiom i, 
BC, CA, are equal to one another: Therefore, upon the given 
right line AB, there is defcribed ad equilateral triangle ABC : 
Which was required. 
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T a given point to puf a right line equal to a given 
right line* 


Let A be the given point, and BC the given right line, it is 
required to put a right line at the point A, equal to the given 
right line BC. 

With the center C and diftariceBC, defcribe the circle BGH*;a Poft. j. 
join AC ^f upon which defcribe an equilateral triangle DAC^;^ ^**^* '• 
produce DC that pafles through the center to G, in the circum- ^ '* 
ference 5 and DA to any diftance E **; with the center D, and d Port. ». 
diftance DG, defcribe the circle KGI^#^ 

Then, becaufe C is the center of the circle BGH, BCis equal 
to CG*; and becaufe D is the center of the circle KGL, DG« ^^f' »^ 
is equal to DL *, but DC is equal to DA ^ : Therefore the re- 
itnainders AL, and CG, are equal ^ ; but BC, AL, are each f Ax. 3. 
proved equal to GG ; and therefore equal to one another^ig Ax. t. 
Therefore, from the point A, there is drawn the right line AL, 
jiqual to the givca right line BC : Which was required. 
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WO unequal right lines being given^ U cut off from the 
greater a part equal to^the leffer* 

Required to cut ofF from the greater AB a part AE, equal to 
the lefler C. 

From the points A draw a right line AD equal to C *, about 

b Poft. 3. the center A, with the diftance AD, dcfcribe a circle DEF** ; 

then, becaufe A is the center of the circle DEF, AE is equal to 

c Dcf. IS. AD % but AD is equal to C : Therefore AE is likewife equal 

d Ax. I. to C ^ : Which was required. 

P R O p. IV. THEOREM. 

IF there be two triangles having two /ides of the one equal to 
twojiies of the other ^ each to each ; and the angle contained 
by the two fides of the one^ equal to the angle contained by the cor* 
fefpondent fides of the other ; then the baje of the one triangle will 
be equal to the bafeofthe other ; the two triangles will be equal ^ 
and the remaining unglts of the me equal to the remaining angles 
of the other J each to eachj which the equal fides fubtendmfif 

» * 

Let the two triangles be ABC, DEF, having the two fides 
AB, AC, equal to the two fides DE, DF, each to each ; that 
is, ABcqu^l to DE, and AC equal to DF, and the angle BAC 
equal to EDF ; then the bafcs BC and EF will be equal, the 
triangle ABC equal to the triangle DEF, the angle ABC equal 
to the angle DEF ; and ACB equal to DFE, each to each, 
which the equal fides fubtend. 

For, let the triangle ABC be applied to the triangle DEF, fo 

.las the point A may coincide vrith the point D, the right line 

lAB with DE, then the point B will coincide with the point E v 

ttor AB and DE are equal ; and, becaufe the angles BAC £t)F 

are equal, the right line AC will coincide wim DF, and the 

point C with F } for AC and DF are equal : Then, becaufe the 

point B coincides with the point £, and C t^ith F, the right 

m Dcf. 4. ^vojt^ BC andEF, will coincide '^ and therefore equal ^ ; There- 

b Ax! 8. fore the triangles ABC, DEF, are equal, the angle ABC e- 

qual to the angle DEF, and ACB to DFE, each to each, which 

the equal fides fubtend. WhereforC;> &c. 


PROP* 


y 


OFEUCLID. 7 

» 

P R O P. V. T H E O ^. Book I. 

' 'TT' HE angles above the hafi of evet^ ifofceles triangle are e- 
JL qual to one another. 

Let the triangle ABC be tbe ifofceles triangle, having the fide 
AB equal to the fide AC, then the angle ABC will be equal xa 
the angle A€B. 

For, let a triangle DEF be likewife given, having the fides 
DE, DF, equal to the fides AB, AC, each to each ; and the 
angle BAC equal to the angle EDF, then the bafes EF, BC, 
, are eq^ual ; and the angle ABC equal to the angle DEF, 
and ACB to DFE, each to each ; which the equal fides fub- 
tend* J but the fides AB, DF, are equal ^; therefore the angles a 4. 
ACB, DEF, are likewife equal ; but the angles DEF, ABC, are ^ ^*- »- 
equal ^ \ therefore the angles ABC, ACB, are likewife equal ^* 
Wherefore, &c. 

CoRRpLL ARY. If any triangle is equilateral, it will likewife 
be equiangular. 


P^R O P. VI. T H E O R. 


I 


F any triangle have two angles in it equal to one another ^ the 
Jldes fubtending^thefe angles 'will likewife be equal* 


Let tbe triangle ABC have the angles ABC, ACB, equal ; 
then the fide& AB, AC, will likewife be equal to one another. 

For, if AB is not equal to AC, let one of them, as AB, be the 
greater; from which cut ofFDB equal to AC*, and join DC; * 
then, bccaufe DB is equal to AC, the two fides DB, BC, are 
equal to the two fides AC, BC, and the angles ACB, DBC, e- 
qual ; therefore the bafe AB is equal to the bafe DC, and the 
triangles ABC, DBC, equal''; that is, a part equal to the whole; ^ 
which is abfurd : Wherefore the fides AB, AC, are equal ; that 
is, the triangle is ifofceles. Wherefore, &c. 

Cor. Hence every equiangular triangle is alfo equilateral. 

-^^P R O P. Vn. T H E O R, 

IF from the extremity of any right linef to two different points 
on the fame fide ^ there be drawn two right lines equal to one 
another J the lines drawn from the other extremity^ to the fame 
points^ cannot be equal to one another. 

I£ from the extremity A, of the right line AB, to the points 

C»D,, on the fame fide^ the two lines AD, AC, are drawn equal 

. to 
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]booK.L to one another, from the extremity B, to the fame points C, D, 
^>vO the lines BC, BD, are riot equal to one another. 

Join JDC 5 for, becaufe AC, AD, are equal, the angles ADC, 
a 5. ACD are equal * ; but the angle BDC is greater than ADC^, or 
fcAx.9. AGD, and much greater than BGDfffbnt, if BD is e^ual t6 

BC, the angles BCD, BDC, ^re equal, and likewife greater ; 

which is impoffible: Therefore, BD is not equal toBC. IfBD 

is made equal to BC, it is proved in the fame manner that AC 

is not equal to AD. Wherefore, &c* 

PROP. VIII. T H E O R. 

IF two triangles have tv)0 ftdes of the one ^ equal to two fides qf 
the other y and the hafe of the on?equal to the hafe of the other y 
then the angles that thefe equal bafes fubtend 'will be equal to one 
another^ *-*• 

Let the two triangles be ABC, DEF, having the two fides 
AB, AC, equal to the two fides DE, DF, each to ca ch ; and the 
bafes BC, EF, equal ; then the- angles BAC, ElfF, will be €• 
qual. - 

For, let the triangle ABC be applied to the triangle DEF, fo 
that the right line BC may coincide with EF 5 then the point B 
will coincide with the point E, and C with F; for the fidq^ BC, 
EF, are equal : And the fides BA, AC, will coincide with ED, 
DF, and the point A with D. If not, let t]^ point A fall in G ; 
t Ax. I. then EG, ED, are equal ; for each are equal to BA *; and FG, 
b 7. FD, will likewife be equal, which is impoffible ^. Wherefore 

the point A cannot fall in G, and, for the fame reafon, in no 
.point but D ; therefore the angle BAC is equal to the angle 
EDF, Wherefore, &c. 

PROP. IX. PRO B. 

JL cut a given right lined angle into two equal parts* ' 

Let BAC be the given right lined angle required to be cut 

into two equal parts. 
Affume any point D, in the right line AB, and cut oiF AE e- 
t jfc qual to AD * 5 join DE, upon which defcribe the equilaterafl 

b 1. triangle DEF *>, and join AF ; then the right line AF will 

bifedt the given angle BAC 5 for, becaufe DA is equal to EA, 
^ 8. and AF is common, and the bafe DF equal to EF "^ j therefore 

the angle DAF is equal to the angle EAF<^: Therefore the 

angle BAC is bifeded by the right line AF. Which was re- 

quired* 

PROP. 
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P R O P. X. P R O B. Ov^ 


T 


*• «*r 


cut a given finite right line into two equal parts* 

Let AB be a given right line, required to be cut into two c- 
qual parts j upon it defcribe an equilateral triangle ABC ; bi- 
fcft the angle ACB by the right line CD ' ; then is the right a 9 
line AB bifeded in D. ^ 

For, becaufe AC is equal to CB, and CD common, and the 
angles ACD, BCD, equal*, the bafes AD, BD, are equal'' : b 4 
Therefore the right line AB is bifefted in D. Which was re* . 
quired. 


T 


P R O P. XL P R O B. 

draw a line at right angles to a given right Hne from d 
point given in the fame. 


Let.AB be the given right line, and C the given point in it, 
from which it is required to draw a right line, at right angles to 
the given right line AB. 

Aflume any point D in AC, and make CE equal to CD * ; « !• 
upon DE defcribe an equilateral triangle DEF*», and join FC, b »• ' 
which will be at tight angles to AB. For, becaufe DC, CE, 
arc equal *^, and CF common, the two fides DC, CF, are equal c* ^^^^'^^o 
to the two fides EC, CF, and the bafes FD, FE, equaP, the 
angles.FCD, FCE, are likewifc equal ^: Therefore each of them d 8. 
is a right angle, and FC perpendicular to AB ^. Which was ^ ^^^* ^°* 
required* • ^ 


T 


PROP. XII. P R O B. 

draw a right line perpendicular to a given indefinite right 
line from a given point out of if. 


Let AB be the given right line, and C the point given out of 
it, from which its required to let fall a perpendicular upon the 
indefinite given, right line AB. 

Afiume any point D, on the oppofite fide of the right line 
AB ; about the center C, with the diftance CD, defcribe a circle 
EDG; bifca,EG in H, join CG, CH, CE j tbcu CH is the 
perpendicular required. 

B For 


to THEELEMENTS 

Book I. For GH, HC, are equal to EH, HC ; and the bafes GC, 
V.y*V>J EC S equal : Therefore the angles GHC, EHC, arcjequal^ 
a It' IS. Each of them are right angles, and HC perpendicular to AB* . 
^ *^ Which was required. 


C ClwI. 13. 


PROP. XIII. T H E O R. 

WHEN a right line ftands upon a right line ^making angle: 
with it J thkfe angles are either two right angles^ or^ to- 
gether^ equal to two right angles • 

For, let a right line, AB, ftand upon the right line CD, ma- 
king angles CBA, ABD ; thefe angles fhall either be t\yo right 
angles, or, together, equal to two right angles, 
a def. 10. For, if CBA, ABD, be equal, they are right angles " ; if not, 
J, , j^ from the point B draw BE, at right angles, to DC^ : Therefore 

the two right angles CBE, EBD, are equal to the three angles 
ABC, ABE, EBD ; but the two angles ABC, ABD, are equal 
to the fame three angles : Therefore the two angles ABC, ABD, 
are equal to the two angles CBE, EBD \ that is, equal to two 
c ax, I. right angles ^. Wherefore, &c. 

Cor. If the two fides of an ifofceles triangle ADE, be pro- 
duced to B, C, the angles below the bafe will be equal to one a- 
• Fig* to nother i for the . angles ADE, EDB*, are equal to two right 
jJ^^P* ^' angles <*, and AED, DEC, are equal to two right angles * ; but 
e 5. the angles ADE, AED, above the bafe, are proved equal * ; 

f ax, }. Therefore the relnaining angles BDE,DEC, are equal f; There- 
fore, in every ifofceles triangle, the angles above the bafe are e- 
qual to one another ; and, if the fides be produced, the angles 
below the bafe are likewifc equal to one another. 

P R OP. XIV. T H E O R. 

IF to any right line, and point therein^ two right lines be drawn 
from oppofite points y making the adjacent angles together e- 
qualto two right angles ^ thefe two right lines will make one conti- \ 
nued right line. • 

I 

For, if to any right line AB, and point B therein, be drawn , 

two right lines, CB,DB, from the oppofitepoints,C,D, making 

the angles ABC, ABD, equal to two right angles 5 then DEC . 

will be one right line. If not, let CBE be one right linej then 

z. 13. the angles ABC, ABE, will be equal to two right angles*; but I 

b. hyp. ABC, ii^P, »ic equal to two right apgle^ ^ ; Therefore the , 

twa 
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m 

two angled ABC, ABD, are equal to the two anglqs ABC, Book I, 
-ABE. Take ABC from both •, then the angle ABE will be e- * 
qual to the angle ABD, a part to the whole ; which cannot be. 
"Wherefore, &c. 

Cor. Hence two right lines CBD, CBE, cannot have a com- 
mon fegment as CB ; or BD, BE, cannot both be in a right 
line with CB. 


I 


P R O p. XV. T H E O R. 

F two right lines mutually cut each others the oppofite angles 
are equal. 


Let the right lines AB, CD, mutually cut each other in the 
point E, the angles AEC, DEB, will be equal ; and likewife 
the angles CEB, AED, equal to one another. For, becaufe the 
right line CE falls upon the right line AB, the angles AEC, 
CEB, are equal to two right angles*. For the fame rcafon the a 13, 
angles AED, AEC, are equal to two right angles * : Theiefore 
the two angles AEC, CEB, are equal to the two angles AEC, 
AED ^. Take the common angle AEC from both, the remain- V ^** '* 
ing angles CEB, AED, are equal*. Again, becaufe AEC, ^ ^** 3' 
AED, are equal to two right angles *, and AED, DEB, equal to 
two right angles, take the common angle AED from both, the 
remaining angles AEC, DEB, will be equal *^. Wherefore, 


&c. 


CoR. I. Hence, two right lines cutting each other, the angles 
at the feftion are equal to four right angles. 

2. All the angles conllitute about any point are equal to four 
right angles. 


I 


PROP. XVI. T H E O R. 

F one fide of a triangle he projj/Lcedy the outward angle willb€ 
greater than either of the inward oppofite angles. 


Let ABC be a triangle, and one of its fides BC be produced 
to D, the outward angle ACD will be greater than the angle 
CB A, or BAC. 

For, bifefb AC in E*; join BE, which produce to F;makc a low 
EF equal to EB, and join FC 5 then the two fides AE, EB, are 
equal to the two fides FE, EC, and the angles AEB, FEC, c- 

quaP ; Therefore the bafes FC* AB, are equal 5 and th^ angles b 15- 
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Book.!. ECF, EAB, likewife equal ^ : Therefore the angle A CD is 
K^y^ greater than the angle BAC. In like manner, if the fide 
c 4. Be is bifefted in E, EF made equal to AEj and FC join- 

d i^ ed, the angle BCG, or ACD**, is greater than ABC; but 

ACD is likewife proved greater than BAC. Wherefore, 


T 


PROP. X\n[I. T H E O R. 

IV angles of any triangle, however taken, are, together^ 
lefs than two right angles » 


Let ABC be the triangle, any two angles in it are lefs than 
two right angles. 

For, produce BC both ways to D, E ; then, becaufe the out- 
a ^^' ward angle ACD is greater than A|^C *, add ACB to both ; 

then the angles ACD, ACB, are greater than ABC, ACB, or, 
^ '5' BAC, ACB ;' but ACD, *ACB, are equal to two right angles ^z 
Therefore ABC, ACB, or ACB, BAC, are lefs than two 
right angles. For the fame reafon, ABE, ABC, are greater 
than BAC, ABC. Wherefore, &c. 

Cor. Hence, if a right line fall upon two right lines, making 
the inward angles on the fame fide lefs than two right angles,^ 
thefe lines will meet one another on that fide where the angles 
are lefs than right ones. 


T 


PROP. XVni. T H E O R. 

H E greater fide of every triangle fuhtends the greater, 
angle. 


Let ABC be a triangle, and the fide AC greater than AB ; 
then the angle ABC will be areater than the angle ACB. 
a 3- For, from the greater AC cut off AD, equal to AB % join 

b !<?. DB ; then, becaufe ADB is greater than ACB ^, ABD is like- 

wife greater than ACB, and '^BC much greater. Wherefore, 
&c. 


T 


PROP. XIX. T H E O R. 


HE greater angle of every triangle is fuhtended by the 
greater fide. 
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In the triangle ABC let the angle ABC be greater than the .^^^'^ '^. 
^ngle BCA ; the fide AC will be greater than AB. If not, let 
AC be either equal or lefs than AB. If equal, then the angle 
ABC is equal to ACB * ; but it is not ^ : Therefore AC is not » s- 
equal to AB. If AC is lefs than AB, the angle ABC is lefs ^ ^^P- 
than ACB « ; but it is not : Therefore AC is not lefs than AB, ^ *•• 
It is therefore greater, fince it has been proved neither equal 
nor lefs. Wherefore, &c. 


T 


P R O P. XX. T H E O R. 

JV fides of any triangle j hovjever taken, are greater 
than the third* 


In any triangle, ABC, two fides of it, however taken, are 
greater than the third, viz. AB, AC, greater than BC ; AC, 
BC, greater than AB ; or BC, AB, greater than AC. For, 
produce any fide, as BA, to D ; make AD equal to AC* ; and* > 
join DC : Then, becaufe AD is equal to AC, the angles ADC, 
ACD, are equal ^5 but the angle BCD is greater than ACD,^ *• 
that is, than ADC : Therefore the fide BD is greater than BC^-,^ ^^' 
but BD is equal to BA, AQ: Therefore the fides BA, AC, arc 
greater than BC. Wherefore, &c. 

PROP. XXL T H E O R. 

IF two right lines he drawn from the extreme points of one fide 
of a triangle^ 4o a point within thefame^ thefe two right lines 
will he lefs than tie fides of the triangle, hut contain a greater 
angle* 

From the extreme points of the right line BC, let the two 
right lines BD, CD, be drawn ^the point D, within the fame; 
thefe lines (hall be lefs than the iffis*BA, AC; butthe angle BDC 
will be greater than B AC. 

For, produce BD to E; then the two fides BA, AE, are great- 
er than the third fide BE * ; add EC to both ; then B A, AC, are a 40. 
greater than BE, EC^ For the fame reafon, BE, EC, are b« Az.4«, 

freator than BD, DC ; but BA, AC, are greater than BE, 
C ; therefore much greater than BD, DC. But^the angle 
BDC is greater than B AC ; for the angle BDC is greater than 
BEC« ; and BEC is greater than BAC <^: Therefore BDC is c i€^ 
much greater than BAC. Wherefore^ &q. 

CoE. 


/ 
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Book I. CoR. Hence BD, DC, are not equal to BA, AC, each to 
each. Wherefore, if in any cafe it is'thought neceflary to prove 
that part of Prop. VII. when the one point falls within the 
triangle, it is evident from this. 

PROP. XXII. P R O B. 

TO make a triangle y whofe fides are equal to three given right 
lines', if any two of them, however taken, are greater than 
the third. 

Let A, B, C, be the three given right lines, anv two of 
which are greater than the third. Take any rjght line Dounded 
at D, but not bounded at E, from which cut off DF equal to A, 
FG equal to B, and make GH equal to C 5 then, with the 
center F, and diftance DF, defcribe the circle DKLj with the 
center G, and diftance GH, defcribe the circle KLH ; from the 
point K, where the circles cut each other, draw the right lines 
k Def, 15. ^K, KG ; then FD is equal to FK* j but FD is equal to A 5 
" * ' therefore FK is equal to A. For the fame reafon GK is equal 
to C, and FG is equal to B: Therefore the three fides FK, FG, 
GK, of the triangle FKQ, are equal to the three given right 
lines. A, B, C. Wherefore there is conftitute, &c, 


A 


l> ji o p. %xm. P R O B, 

T a given poir^t, in any right line, to make an angle ^^ 
qualto a given right lined angle. 

Let A be the given point in the right line AB ; it is required 
to make an angle equal to the right lined angle DCE. 

Aflume any points Dj, E, in the right lines CD, CE, and join 

DE. AtthepointA, inthe line AB, make a triangle AFG, whofe 

fides arc eqUal to the three rfct lines CD, CE, DE * ; then, 

^ *** becaufe the two fides GA, iff, are equal to the two fides CE, 

CD, each to each, and the bafes GF, ED, equal, the angles 

. - GAF, ECD, are equal ^ Wherefore there is conftitute, •&c. 

PROP. XXIV. T H E O R. 

T F two^riangles have two fides cf the one equal to two fides of 
•■■ the other J each to each, and the angle contained by the two 
fides of the one greater than the angle contained by the correffond" 

4nt 


• * 
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entfide^ of the other ; then the bafe that fubtends the greater Book 1« 
angle of the one triangle Jhall be greater than the bafe of the o- V.^Y'X^ 
then 

Let ABC, DEF, be the two triangles, having the two fides 
BA, AC, equal to the two fides ED, DF, each to each, but 
the angle BAG greater than £I>F; then the bafe BC will be 
greater than EF. 

For, make the angle EDG equal to BAC, and DG to AC; 
join EG ; then the bafes BC, EG, will be equal*. Now, ift, if » 4* 
the right line EF fall upon EG, then EG will be greater than 
EF ^'^ and therefore, BC greater than EF. ^ Ax. 9^ 

2. If EF fall above EG, then F is a point within the triangle; 
therefore the fides DF, FE, are lefs than DG, GE <" ; but DG, c ^t. 
DF, are. equal •* ; therefore EGy or BC, is greater than EF *. ^ ^^' l* 

3. If EF fall below EG, join FG; then DF, DG, are equal d : "" ^*' ^ 
Therefore the angles DGF, DFG, are equal ^ ; and the whole ^ S* 
angle EFG greater than DFG, or DGF, and much greater than 

£GF b 5 but the greater anglq is fubtended by the greater fide « : 5 "> 
Therefore EG or BC is greater than EF. Wherefore, &c. 


PROP. XXV. T H E O R. 

TF two triangles have two fides of the one equal to two fides of 
■*■ the ctber^ each to each^ and the bafe of the one greater than the 
bafe of the other ^ the angle that the greater bafe fubtends fball he 
greater than the other. 

Let the two triangles be ABC, DEF, having the fides AB, 
AC, equal to the two fides DE, DF, each to each, and the 
bafe BC greater than the bafe EF ; then the angle BAC will be 
greater than the angle EDF. If not, it will be equal or lefs. 
If equal, the bafes BC, EF, willbe equal* ; but they arc not ^J *• 
If fefs, the bafe BC will be lefs than EF*; but it is n^^ i^^^ 
Therefore, fince the angle BAC is neither equal nor lefs thaa 
EDF, it muft be greater. Wherefore, &c. 

PROP. XXVI. T H E 6 R, 

ft 

IF two triangles have two angles of the one equal to two angleA 
of the other f each to each^ and a fide of the one equal to a fide of 
the other ^ either thefde lying between the equal angles^ orfubtend- 

ing 


\ 
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Book I. ing one efthenij the remaining Jides of the one triangle will be equat 
^^Y^^ ^^ ^^^ ^^^^ining fides of the other ^ each to eachy and the remain^ 
ing angle of tke one equal to the remaining angle of the other. 

Let the two triangles be ABC, DEF, having the two angles 
ABC, ACB, of the one, equal to DEF, DFE, of the other, 
each to each. 

1. Let the fide BC be equal to EF, viz. the fides lying be- 
tween the equal angles 5 then the fides BA, AC, will be equal 
to the fides ED, DF, each to each; and the angles BAC, EDF, 
equal. For, if the £idfi AB be not equal to DE, let one of them, 

a 3- as AB, be the greater ; from . which cut ofF GB equal to DE *, 

join GC ; then, fince GB, BC, are equal to DE, EF, and the 
angles GBC, DEF, equal, the bafes GC, DF, are equal; and 

b4. the angles GCB, DFE, equal "J; but the angle DFE is equal 

c Hyp. to ACB "" : Therefore GCB is equal to ACB, a part to the 
whole ; which is impoffible : Therefore GB is not equal to DE, 
nor is any fide but AB equal to DE: Therefore AB, BC, are 
equal to DE, EF ; the angle ABC, to DEF ; and the Safe AC 

d4- toDFd. 

2. Let the fides AB, DE, which fubtend the equal angles, be 
equal ; if any of the fides, as BC, be not equal to EF, let BC 
be the greater ; cut off BH equal to EF * ; join AH ; then, be- 
caufe AB, BH, are equal to DE, EF, and the angle ABH to 
DEF, the bafe AH equal to DF, and the angle AHB to 
DFEt> ; but the angle ACB is equal to DFE« : Therefore tbe 

% i^^' *' angle AHB is equal to ACB% and like wife greater f; which is 
impoffible. Wherefore, &c. 


f Iff. 


PROP. XXVn. T H E O R. 

TFtf right line fall upon two Hght lines y making the alternate 
■*• angles equals thefe right lines will be parallel. 

Let the right line EF fall upon the two right lines AB, CD, 
making the angles AEF, EFD, equal, the right lines AB, CD, 
will not meet one another, whether produced towards B, D, or 
A, C. Let them be produced ; and, if poffible, meet in the 
point G ; then EGF is a triangle ; the outward angle AEF is 
• i<?. greater than EGF, or EFG»: but AEF, EFG, are equals 

» Hyp. jjj^j likewife greater ; which is impoffible : Therefore AB, CD, 
will not meet, if produced toward B, D. For the fame reafon 
they will not meet, if produced toward A, C : Wherefore AB, 
CD, arc parallel. 

PROP. 
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PROP. XXVIII. T H E O R. 

IF a right line fall upon two right lines j making the outward 
angle equal to the inward andoppofite, on the fame Jide^ or the 
inward angles on the fame fide equal to two right angles ; thefc 
two right lines fball he parallel. 

Let the right line EF fall upon the two right lines AB, CD, 
making the outward angle EGB equal to the inward and oppo- 
fite GIJD ; or the inward angles BGH, GHD, together, equal 
to two right angles ; then AB, CD, will be parallel. 

For, becaufe the angles EGB, GHD, are equal*, AGH is a hyp, 
equal to EGB ^ ; and therefore equal to GHD ^ : therefore AB 5 , j. 
is parallel to CD <*. Again, becaufe the angles BGH, GHD, are c Ax. i, 
equal to two right ones '; but AGH, BGH, are equal to two right *^ *^' 
angles ^ ; therefore AGH, BGH, are equal to BGH, GHD *=.c 13. 
Take the common angle BGH from both, the remainders AGH, 
GHD, are equal f ; but thefe are alternate angles : Therefore f Ax. 3- 
AB is parallel to-CD'*. Wherefore, &c. 

1 . 

PROP. XXIX. T H*E O R. 

IF a right line fall\ipon two parallel [inis^ the alternate angles 
will he equal; the outward angle equal to the inward and op- 
pofite^ on the fame ftde; and the two inward angles on ti>efamc 
fide equal to two right angles. -^ 

For, let EF fall upon the two parallel lines AB, CD, the al- 
ternate angles AGH, GHD, will be equal ; the outward angle 
EGB equal to the inward GHD ; and the two inward angles 
BGH, GHD,, equal to two right angles. 

For, if the angle AGH is not equal to GHD, let one of 
them be greater, as AGH ; then the right lines AB, CD, pro- • 
duced toward B, D, will meet one another in fome point* 5 but , Cor. 17. 
they are parallel ; therefore cannot meet*^ : Therefore AGH is 5 jq^j; ^^^ 
not greater than GHD. ' For the fame reafon it is not lefs ; 
therefore it is equal. But EGB is equal to AGH^; therefore c 15. 
EGB is equal to GHD d. Add BGH to both; then EGB,dAx.r, 
BGH, are equal to BGH, GHD « ; but EGB, BGH, arc equal ^ ax. ». 
to two right angles f: Therefore BGH^ GHD, are equal to two f ,3. 
right angles. Wherefore, &c. 

fS PROP. 


i8 THEELEMENTS 

Book I. 


R 


PROP. XXX. T H E O R. 

I G HT lines parallel to one and the fame right Une^ are pa 
rallel to one another. 


Let AB, CD, be two right lines, each parallel to EF ; AB ^11 
be parallel to CD. 

Let GK fall upon them -, then, becaufe GK falls upon the 
» ^r parallels AB, EF, the angles AGH, GHF, are equal ^ A- 
gain, becaufe GK falls upon the parallels EF, CD, the outw^ard 
angle GHF is equal to the inward and oppoCte GKD ; there- 
fore the angles AGK, GKD, are each equal to GHF ; therefore 
equal to one another ^ : Therefore AB is parallel to CD *^- 
Wherefore, &c. 


b Ax. I. 


c Z7« 


a- ^9. 




T 


PROP. XXXI. P R O B. 

araiv a right line through a given point parallel to a given 
right line. 


It is required, through the point A, to draw a right line pa- 
rallel to the right line BC. 

Aflume any point D, in BC ; join AD ; and make the angle 
a 23- DAE equal to the angle ADC * ; join EA, and produce it to 

F; then the alternate angles E AD, ADC, are equal to one a- 
b Conft. nother ^ : Therefore EF, BC, are parallel *^. Wherefore, &c- 


P R O P. XXXIL T H E O R. 

T F one fide of a triangle be produced^ the ovtward angle is equal 
•*■ to both the inward oppofite angles ; and the three inward 
angles are equal to two right angles. 

Let ABC be a triangle, CD a fide produced ; the outward 
angle ACD is equal to the inward and oppofite angles ABC, 
BAC ; and the three angles ACB, ABC, and BAC, are toge- 
ther equal to two right angles. Through C draw CE parallel to 
AB; then the angle BAC is equal to ACE* ; and the angle 
ECD, to ABC * ; therefore the whole angle ACD is equal to 
the two angles ABC, BAC. Add the angle ACB to both ; then 
thetwo angles ACD^ ACB, are equal to the three angles ABC, 

ACB, 
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ACB, BAC^ 5 that is, equal to two right angles*^. Where- Book I. 
fore, 8cjc^ . ^•wJ 

Cor. I. "Hence all the three angles of any one triangle are b Ax. i. 
equal to all th^ three angles of any other triangle, either fepa- ^ *3- 
rately or taken together. ' 

2. If two and;les of one triangle be equal to two angles of a- 
nother triangl^. either feparately or together, the remaining 
angle of the 6nt is equal to the remaining angle of the o- 
ther. 

3. If one angle of a triangle be a right one, the other two 
angles are together equal to a right angle. 

4. If the angle included by the equal fides of an ifofceles 
triangle be a right one, each of the other angles will be half a 
right one. 

5. Any angle in an [equilateral triangle is one third of two 
right angles, or two thirds of one right angle. 

6. If one angle of a triangle be equal to the other two, that 
angle is a right one ; for, if the fide is produced, the adjacent 
angle is equal to the other two 5 therefore each of them arc 
right angles. 

7. All the inward angles of any right lined figure make twice 
as many right angles, abating four, as the figure has fides. 
For any right lined figure can be divided into triangles, the in- 
ward angles of each equal to two right angles, and all the 
triangles together equal to the number of fides of the figure, a- 
bating two : Therefore all the inward angles will be equal to 
twice the number of fides, abating four. 

8. All the outward angles of any right lined figure are equal 
to four right angles. For all the outward and inward angles 
together are equal to double the number of fides ; but the in- 
ward angles are equal to double the number of fides, abating 
four : Therefore the outward are equal to four right angles. 


I 


PROP. XXXni. T H E O R. 

F two right lines join two equal and parallel right lines toward 
the fame, party thefe lines will be equal and parallel. 


Let AB, CD, be two equal and parallel right lines ; join 
AC, BD ; then will the right lines AC, BD, be equal and 
parallel. 

For, becauCe AB, CD, are parallel, and BC falls upon them, 
the angle ABC is equal to BCD *5 but, becaufe AB is equal to a ap. 
CD, and BC comnion ; and the angle ABC equal to BCD, the 
bafe AC is equal toBD, and the angle ACB equal to CBD ^^ ; b 4. 

but 
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Book I, but thefc are alternate angles : Therefore AC is parallel to 
V.^VVi/ BD % and likewife equal. ^ Wherefore, &c. 
a, 2p. 

PROP. XXXIV. THE OR. 

ft 

THE oppofite fides and oppofite angles of every par allelo" 
gram are equal;, and the diameter divides it into t'w9 
equal parts. 

Let ABCD be a parallelogram, the oppofite fides AB, 
CD ; AC, BD, are equal \ the angle CAB equal to BDC, and 
ACD to ABD 5 and the diameter BC bifefts it. 

For, becaufe AB is parallel to CD, and BC falls upon them, 

* *^' the angle ABC is equal to BCD •. For the fame reafon ACB 

is equal to CBD ; therefore the two angles ABC, ACB, in the 
triangle ABC, are equal to the two angles CBD, BCD, in the 
triangle BCD ; and the fide BC common to both : Therefore 
the two fides AC, AB, of the one triangle, are eqtial to the 
two fides BD, DC, of the other, each to each ; and the angle 

^ *^. BAC equal to BDC, and ACP to ABD b. Again, becaufe 

the two fides AC, AB, are equal to the two fides BD, DC, 
each to each, and the angle CAB equal to BDC, the bafe BC 

c 4»^ common : Therefore the triangles are equal ^ ; and BC bifefti 

the parallelogram. Wherefore, &c. 


PROP. XXXV. and XXXVII. T H E O R. 

PArallelograms and triangles^ conftitute upon the fame hafey 
and between the fame parallels ^ are equal between them- 
Jelvesy viz, parallelogram to parallelogram^ and triangle to 
triangle. 

Let ABCD,EBCF,be two parallelograms (Fig. 2.) conftitute 

upon the fame bafe BC, and between the fame parallels BC, 

AF; the parallelograms ABCD, EBCF, are equal. 

a 34- For, becaufe AD, EF, are each equal to JC *, they are equal 

b Ax. I. ^^ ^^^ another ^. If the point E coincide vnxh D. j[Fig. i.) each 

of the parallelograms are double the triangle DBC ; therefore e- 

c Ax. tf. qual to one another ^. If AD is lefs than AE, add D£ to 

d Ax. a. both ; then the whole AE is equal to DF ^, DC to AB^, and the 

« 34. angle FDC to EABf: Therefore the triangles FDC, EAB, 

^ *^* are equal ^. Take DGE from both ; the trapeziums, ADGB, 

I Ax. 3. FEGC, are equal K Add the triangle GBC to both; then the 

whole parallelogram ABCD is equal to the parallelogram 

EBGF* 


O F E U C L I D. 2t' 

■ 

EBCF ^. If AD IS greater than AE, take DE from both ; then Book t 
the remainder AE will beeqiml to DF^, the triangle AEB to V>V^^ 
DFC. Add EBCD to both, then the parallelograms ABCD, d Ax. ». 
EBCF, are equal d: So, like wife, if the diameters AC, BF, be*'^*-^- 
drawn, then the triangle ABC will be equal to FBC K Where- i 34- "d 
fore, &c. ^^^ ^' 

CoR. Hence every parallelogram is equal to a right angled 
parallelogram, conftitute upon the fame bafe, and between the 
fame parallels ; and every triangle conftitute upon the fame 
bafe, and betwixt the fame parallels, is half the rectangle. 


PROP. XXXVI. and XXXVIIl. T tl E O R. 

Py^rallelograms and triangles^ conftitute upon equal hafes^ and 
between the fame parallels ^ are equal to one another ^ viz* 
parallelogram to parallelogram^ and triangle to triangle. 

Let the parallelograms ABCD, EFGH, be conftitute upon 
the equal bafes BC, !^G, and between the fame parallels AH, 
BG ; the parallelogram ABCD will be equal to EFGH. 

For, join EB, CH, the parallelograms AC, EG *, are each 
equal to the parallelogram EC *; therefore equal to one ano- a 3s. 
ther ^ Join AC, FH; then the triangles ABC, HGF, are e- b Ax. «. 
qual *=. Wherefore, &c. c 34. an4 

Ax. 7# 


E 


PROP. XXXIX. T H E O R. 

§U J L triangles i conftitute upon the fame bafe y on the fame 
fidcy are between the fame parallels • 


Let the equal triangles ABC, DBC, be conftitute upon the 
fame bafe, BC, on the fame fide ; the right line AD, that ' 
joins their vertex, will be parallel to BC. 

If not, draw AE, parallel to BC ; join EC ; then the 
triangles ABC, EBC, are equal* •, but DBC is equal to ABC ^5 a 3^, 
therefore DBC, EBC, are equal, a part to the whole 5 which ^ ^yPf 
is impofSble. Therefore no line but AD is parallel to BC. 
Wherefore, &c. 

PROP. 

• Parallelograms arc cxprcflcd by the letters at the oppofitc ans^cSf 
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P-R O P. XL. T H E O R. 

^UA L triangles f conftitute upon equal bafes^ on the fame 
Jidey are between the fame pair allels* 


Let ABC, DGE, be equal triangles, conftitute upon the c- 
qual bafes BC, GE, on the fame fide; then AD is parallel to 
BE. If not, draw AF parallel to BE ; join FE ; then the 

* ?«. triangle ABC is equal to FOE * ; but DGE is equal to ABC ^ ; 

fcl»yp« therefore DGE is equal to FGE, a part to the whole ; which 
is impoffible : Therefore AD is parallel to BE. Wherefore, 
&c. 

PROP. XLI. T H E O R. 

IF a parallelogram and triangle be conftitute upon the fame bafe^ 
and between the fame parallels^ the parallelogram will be 
double the triangle. 

Let the parallelogram be ABCD, and triangle EBC, having . 

the fame bafe BC, and be between the fame parallels AE, BC, 

the parallelogram ABCD is double the triangle EBCj join 

AC. 
a 3j. Then the triangle ABC is equal to EBC" ; but the paralle- 

V 34» . logram ABCI]( is double the triangle ABC*'^ and therefore 

double EBC. Wherefore, &c. 


T 


PROP. XLII. P R O B. 

confiitute a parallelogram equal to a given triangle^ ha* 
ving an angle in it equal to a given right lined angle* 


Let the given triangle be ABC, and right lined angle D, it. 
is required to conftitute a parallelogram equal to the given 
triangle ABC, having an angle in it equal to D. 

Bifeft BC in E*,- make an angle CEE equal to D ^; through 
b x3- A draw AG parallel to CE^; and through C draw CG parallel 

^ 3 J,- to EF^; join AE-, then the triangles ABE, AEC, are equal **; 

^ ' and ABC is double AEC ; but the parallelogram EG is double 
c 41. the triangle EAC ^ : Therefore the parallelogram EG is e- 

f Ax« ^' qual to the triangle ABC f, and the angle FEC equal to D. 
Wherefore, &c. 

PROP- 
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PROP. XLin. T H E O R. ^s^r^^J 

IN every parailehgramy the complements that Jland about the 
diameter Mre equal to one another. 

\ 

I 

Let ABCD be a parallelogram ; BD its diameter ; the parts 

of. which 6K, KD, the diameters of the parallelograms HKFD, 
* EBGK5 the remaining parallelograms AEKH, KGCF, its 

complements, are equal to one another. 

For, becaufe DB is the diameter of the parallelogram ABCD, 
. the triangles At)B, DBC, are equal *. For the fame reafon, a 34» 

the triangle HKD is equal to DFK, and EBK to BKG; where- 
\ fore the triangles HKD and EKB are equal to DFK, BKG, ^. b Ax. ». 

Take HKD, EKB, from ADB, and DFK, BKG, from E(BC,c Ax 3. 
: there remains AEKH equal to KGCF ^. Wherefore, &c. 

PROP. XLIV. P R O B. 

1^0 apply a parallelogram to a given right line equal to a given 
triangle^ having an angle in it equal to a given right lined 
angle* 

It is required, upon the given right line AB, to make a paral- 
lelogram equal to a given triangle C, haying an angle in it e- 
qual to a given angle D. 

Make the parallelogram FGBE equal to the triangle C, ha- 
ving the angle EBG equal to D *; put BE in a right line with t 4»» 
AB ; and produce FG to H ; through A draw AH parallel to 
\ GB, or FE ; join HB ; Now, becaufe the angles EFH, FHA, 
^ are equal to two right atigles^, the angles EFH, FHB, arelefs b j^, 
than two right angles ; then FE, HB, being produced, will meet 
in.fome point *^ ; which let be K ; through which, draw KL ^ ,^^ C^,^' 
' parallel to FH ; and produce GB, HA, to M, L ; wherefore 
'■ FHLK is a parallelogram, whofe diameter is HK ; and whofe 
^ complements FGBE, BALM, are equal ^ ; but FGBE, was d 43- 

made equal to C ; and the angle EBG equal to D ; therefore 
I BALM is equal to C, and the angle ABM^ equal to D. c 15. 
f Wherefore, &c. 


\ 


P R O P. XLV. P R B. 


^^ ^ W^O make a parallelogram equal to a given right lined figure^ 


having an angle in it equal' to a given right lined angle. 

\ 


V It 
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Book L It is required to make a parallolegram equal to a given right 

Kt^y^^J lined figure ABCD, having an angle in it equal to the right 
lined angle E : Join DB, and make the parallelogram FH e- 

a 4x. qual to the triangle ABD*; the angle FKH equal tg E. Up- 

on the right line GH make GM equal to DCB, and the angle 

^ 44. GHM equal \o E *» ; then FM is the parallelogram equal to 

A8CD. 

For, becaufe FH is a parallelogram, the angles FKH, GHK, 

c 19* are equal to two right angles ^ ; but the angles GHM, FKH, 

arc each equal to the an^le E ; therefore equal to one another. 
Add GHK .to both, then the angles GHM, GHK, are equal 
to FKH, GHK, that is, equal to two right angles 3 therefor^ 

d «4» KHM is a right line**. For the fame reafon FGL is a right 

line ** ; but FK, LM, are each parallel to GH ; therefore pa- 

c ?o. and rallcl to One another *^. Wherefore FM is a parallclograrn c- 

conftradt. ^^^j ^^ ^]^g j.jg|^|. jj^g^ figure ABCD, and an angle FKJM equal 

to E. Wherefore, &c. 

Cor. Hence a parallelogriam may be made equal to a given 
right lined figure of any number of fides ; for a parallelogram 
can be made equal to any triangle upon any given right line. 


PROP. XLVL P R O B. 

L defcribe a fquare upon a given right line* ^ 

It is required to defcribe a fquare upon the given right Jinc . . 

A.MJ* 


m II. 


From the point A, in the given right line AB, draw the per- 
pendicular AC* ; cut off AD equal tOyAB ^y through D draw 
^ 3.^ DE parallel to AB^ and BE parallel to AD ; then ADEB is a 

d 34. parallelogram, the oppofite fides of which are equal ** 5 that is, 

e by conHr, DE equal to AB, and BE to AD ; but AD is equal to AB <^ ; 
therefore the four fides are equal to one another. But the 
f »9. angles ADE, BAD, are equal to two right angles^ ; and BAD 

is a right angle; therefore ADE is likewife a right angle ; 
but the oppofite angles of every parallelogram are equal ^i 
Z Bcf. 30. Therefore ADEB is a fquare s. Wherefore, &c. 


PROP. XLVn. T H E O R. 

TN every right angled triangle the fquare defcrihed upon the fide 
•*■ fubtending the right angle is equal to thefqmres of the fides con^ 
taining the right ^ngU* 

Let 


I 


b f E u c L i u. 2^ 

Let ABC be a ri^ht angled triangle, the fquare of the {\i}\t Boq^ I* 
JBC fubtending the right angle is equal to the fquares of the 1^1^^. 
fides BA, AC, containing the right angle. Upon BC defcribe 
the fqpare BDEC * ; upon BA, AC, the fquares BG, AK ; a 4(T. 
through A draw AL parallel to BD, or EC ^; join AD, FC, b 31. 
BK, AE. 

Then, becaufe BAG, BAG, are each right angles*, GAC is 
a right line *^. For the fame reafoi;! BAH is a right line; like- c 14. 
wife the angles DBC, ABF, are right angles *; add ABC to 
both, then the whole angle FBC is equal to ABD **; and AB, d Ax. %. 
^D, are eqiial to FB, BC ; and the angle FBC to ABD ; 
therefore the triangles ABD, FBC, are equal ^\ but the para!- <= 4. 
lelogram BL is double the triangle ABDf; and BG is double £ 41. 
FBC*', or ABD J therefore the parallelograms GB, BL, are 
equal ^. For the fame reafon LC is equal to CH ; but BL, s Ax. tf. 
LC, are equal to the fquare of BC ; therefore the fquares of 
BAj AC, are equal to the fquare of BC. Wherefore, &€• 


i* R O i^. XLVlIL T H E O R. 

JF the fquare defcribed upon one of the fides of a triangle he e^ 
qual to the fquares of the other two fides j^ the angle contained 
by thefe two fides is a right angle. 

Let the fquare of the fide BC of the triangle ABC be equal 
to the fquares of the fidea BA, AC, the angle BAC is a right 
angle. 

For, let AD be drawn from the point A, at right angles*, to a xt, 
AC, and equal to AB ; join DC* Then, becaufe' the angle 
DAC is a right one, the fquare of DC is equal to the fquares 
of DA, AC*>. But DA is equal to AB, and AC is common ; j, ^^^ 
therefore the fquares of DA, AC, are equal to the fquares of 
BA, AC ; but the fquare of BC is equal to the fquares of BA, 
AC*^, or of DA, AC : Therefore the fquare of BC is equal to c Gonft; 
the fquare of DC **; therefore BC is equal to DC ; but BA is ^ ^x, i," 
equal to AD,, and AC common ; therefore BA, AC, are equal 
to DA, AC, and the bales BC, DC, equal ; therefore the 
angle BAC is equal to the angle DAC*^. But DAC is a right c s. 
angle; therefore BAG is a right angle. Wherefore, &c. 
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I. 


Book II, TfT* VERT right angled parallelogram Is faid to be contain' 
J2j. ^^ ^7 *^° "S^i lines containing tha right angle. 

XX* 

^ In every parallelogram, either of the two parallelograms that 
are about the diameter, together with the complement, is called 
a gnomon.. 


\ 

P R O P, I. T H E O R. 

TF there be tw6 right lines ^ and one of them divided into any.^ 
**• number of parts y the re6f angle contained by the whole ^ and di- 
vided liney is equal to all the redlangles contained by the ivhole 
line y and the fever al parts of the divided line* 

Let A, BC, be the two right lines, one of which, viz. BC, ; 
is divided into any number of parts, as.D, E; the redlangle 
contained by A, BC, is equal to the redlangles contained by A, 
BD ; A, DE ; A, EC. 

For, from the point Bdraw BF, at right angles, to BC*j 
5 j^ make BG equal to A*»; through G draw GH parallel to BC ; 
and through the points D, E, C, draw DIC, EL, CH, each pa- . 
o 31. I. railel to BG^. 

.-Cv.'ift. The reftangle BK is that contained by BD, BG j for BG^ is- 
equal to As the rectangle DL is contained by A, DE \ and. 

EH 
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EH by A, EC ; for DK, EL, CH, are each equal to BG % that Book IL 
is, equal to A ; but the reftangle BH is equal to the redlanglcs Ow^ 
BK, DL, EH ; andBH is contained by A, BC ; therefore the c 34. i. 
re£iangle by A, and BC, is equal to the reftangles by A, 
BDj A, DE, and A, EC. Wherefore, &c. 

P R O P. IL T H fe O R. 

TFa right line be any how cuty the reEf angles contained by 
"■- the whole line^ and each of thefegments^ are equal to thefquare 
of the whole line. 

Let the right line AB be any how cut in C, the rcftangles 
contained by AB, BC, and AB, AC, together, are equal to the 
fquare of AB. Upon AB defcribe the fquare ADEB '; thro' a 45. i. 
C draw CF parallel to AD*>, or BE; then, becaufe AD is e- b 31. i, 
qual to AB* , the reftangle under AD, AC, is equal to the rec- 
tangle under AB, AC ; and the reftangle under EB, BC, is e- 
qual to the reftanglc under AB, BC ; but the reftangle under • 
AD, AC, that is, the re^angle AF, together with the rec- 
tangle under EB, BC, that is, C£, are equal to the fquare of 
AB; that is, the fquare AE. Wherefore, &c. 

P R O R ra. T H E O R, 

IF a right line be any how cut, the rectangle under the whole 
liney and one of the partSj is equal to the rectangle under the 
tivo farts, together with the fquare of the ^r/i mentioned fart* 

Let the right line AB be any how cut in C, the redanglc 
under AB, BC, is equal to thexreftangle under AC, CB, to- 
gether with the fquare of BC. Upon BC defcribe the fquare 
BODE ■; produce ED to F, and draw AF parallel to CD or a 45. i, 
BE ; the reclangle under AB, BC, that is, AE, is equal to the 
reftangles AC, CD ; that is, the re£l:angle under AC, CB, and 
the fquare of CB. Wherefores Sec. 

\ 

P R O P. IV. T H E O R. 

IF a right line be any how cut, the fquare of the whole line is e^ 
qual to the fquares of the two parts, with twice the rectangle 
^nder thefe parts* 

Let 
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Book TL l^^. ^j^g Tight line AB be any how cut. in C, the fquare of 
^i^^V^ AB is equal to the fquarcs o£AC, CB, and twice the reGangle 

under AC, CB. 

For, upon AB defcribc the fquare ADEB ; through C 

draw OF parallel to AD,- or BE ; draw DB, cutting CF in G ; 

tliro'igh which point draw HGK parallel to AB, or DE. (Tben 

the fi^uio is faid to be conflrut^td.) Now, becaufe AB is equal 
a s. X- to AD the angle ADB is equal to ABD*j and the angle CGB 
b ap I. to ADB**; therefore the angle CBG is equal to CGB*^; there-, 
c Ax. 1. 1, fore CG is equal to CB** ; therefore CGKB is equilateral ^j 
^' '• bur the angles BGG, CBK, are equal to two right angles^, and 


c 34.. 1. 


I. 
43. I* 


f 4<), I. CBK is a right angle f; therefore BCG is likewife aright 
angle ; therefore all the angles arc right ones ^ ; and CGKB is 

g Def. 30, a fquare*. For the fame reafon HF is a fquare. But the rec- 
tangles AG, GE, are equal ^5 and AG is the redlangle under 
AC, CB •, for CG is equal to CB ; but the fquares HF, CK, 
with the rcftangles AG, GE, make up the fquare of AB: There- 
fore the fquare of AB is equal to the fquares of AC, CB, and 
twice the reftangle under AC, CB. Wherefore, &c. 

CoR. Hence every parallelogram about the diamqtcr of a 
fquare is a fquare. 


P R O P. V. T H E O R- 

TF a right line be cut into two equal parts , and into two unequal 
■^ parts y the re5f angle under the two unequal parts^ togetbejp 
with the fquare of the intermediate party are equal to the fquare 
^ half the line. 

Let the right line AB be cut equally in C, and unequally in 
D, the reftangle under AD, DB, together with the fquare of 
CD, arc equal to the fquare of CB. 

For, upon CB defcribc the fquare CEFB; conftruft the fi- 
gure, and produce OL to K 5 and through A draw AK parallel 
to EC. 
» 3<J- I. ' The parallelograms AL, CO, are equal *, and CH is equal 
!^ 43. 1. to HF «»; add DO to both -, then' CO is equal to t)F *j therefore 
d Ax.' I.*!' ^^ ^s likewife equal to DF «* 5 add CH to both ; then the rec- 
* tangle AH is equal to the gnomon LDF 5 add LG, that is, the 
Cor. 4. fquare of CD ^, to both ; then the rediangie AH, that is,. the 
reftangle under AD, DB, with LG, that is, the fquare of CD., 
are equal to the gnomon LDF, and LG j that is, ^qual the 
fquareof CB. Wherefore, &c. 
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fioOK II. 

P R O P. VI. T H E O R. V^^^YN^ 

IF a right line be divided into equal parts^ and another line add' 
edto it J the reElangle contained by the whole and added line 
<^s one fide of the redlangle^ and the added line for the other ftde^ 
together with the fquare of half the line^ are equal to the fquare of 
the half and added lincy as one fide of the fquare. 

* 

Let the jright line AB be bifefted in C, and BD added to it, 
the reftangle under AD, DB, together with the fquare of BC, 
are equal to the fquare of CD. 

Defcribe the fquare CEFD ; conftruft the figure j and com- 
pleatthe parallelogram under AC, CL. 

Theri the parallelograms AL, CH, are equal •$ but CH is e- » 3<f« ^^ 
qual to HF *>; add BM to both ; then CM is equ^l to BF ; addb 43. i. 
AL to both ; then AM is equal to the gnomon CMG. To 
each add LG, that is, the fquare of CB ^; then AM, LG, arec Cor. 4. 
equal to the gnomon CMG, and LG ; that is, the refiangle un- 
der AD, DB, for DM is equal to DB, together with the 
fquare CB, are (equal to the fquare of CD. Wherefore, &c. 


P R O P. VIL - T H E O R, 

IF a right line he any how cut, the fquare of the whole line^ and 
one of the partSy is equal to twice the reBangle contained 
by the whole lincy and faid party together with the fquare of the 0- 
therpart. 

Let the right line AB be any how cut in C, the fquares of 
AB, BC, are equal to twice the reftangle under AB^ BC, and 
the fquare of AC. 

Upon AB defcribe the fquare ADEB *, and conftruft the fi- * 4<J- »• 
gure; then, becaufe the reaangle AFis equal to CE^, and AF, a*x!»'"* 
CE, together, are equal to twice AF, that is, equal to the gno- 
mon AFK, together with the fquare of CB, that is, CF ^j add c Coir, 49 
HK to both; then twice AF, and HK, are equal to the gnomon 
AFK, and the fquares of AC, BC 5 that is, to tbc fquares of 
AB^BC. Wherefbrf , &c. 
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PROP. Vni. T H E O R. 

IF a right line be cut into two partSj four times the reSf angle 
under the whole line, and one of the parts f together with the 
fquare of the other part ^ are eaual to thefquare of the whole Hne^ 
and thejirft part taken as the fide of the fquare > 

Let the light line AB be any how cut in C, four times the 
reftangle under AB, BC, together with the fquare of AC, arc 
equal to the fquare of AD ; that is, AB produced to D, fo that 
BD equal BC. Upon AD defcribe the fquare AEFD, and 
conftruft the double figure. Then, becaufe BN, GR, are 
a Cor.4» fquares*, and CK, BN, are equal parallelograms *>; but the fides 
^ 3«' '• CB, BK, are equal, and CBK is a right angle, for it is equal '■ 
d ^4! iVand *^ ^^^ *" » therefore CK is a fquare**. For the fame reafon, KO 
dcf.30.1. is a fquare; therefore CK, BN, GR, KO, are each fquares ; 
but they are conftitute upon equal right lines ; therefore equal 
to one another, and, together, quadruple KC. But the rec- 
, tangle AG is^qual to MP^, and PL to RF; but MP is equal 
^43. »• to PL^ ; therefore the four re£bangles are quadruple AG ^ 
and the four fquares and four reflangles quadruple the rec- 
tangle AK, that is, the reftangle under AB, BC ; add the 
fquare XH, that is, the fquare of AG; then four times AK, that i 
is, four times the reftangle under AB, BC, together with the 
fquare of AC, are equal to the fquare of AD, Wherefore, 
&c. 


P R O P. IX. T H E O R. 

YFa right line be cut into two equal parts j and into two unequal 
•* partSy the fquares of the two unequal parts are double thefquare 
of the half line i and double the fquare of the intermediate part. 

Let the right line AB be cut equally in C, and unequally in 
D, the fquares of AD, BD, are double the fquares of AC, :i 
CD. 

For, through C draw CE, at right angles, to AB, and equal 
to AC, or CB ; join EA, EB 5 through D draw DF parallel to 
to CE, and FG thioughF, parallel to AB ; join AF. 

Then, becaufe AC is equal to CE, and the angle ACE a 
a ^ r. 3»» x\^t angle, the angles AEC, EAC are each half right angles *, ^ 

and the fquares of AC, CE doiible the fquare of AC; but the 
I) ^7. I. fguafe of AE is equal to the fquares of AC, CE ^ ; therefore, 

double 


ii. 


I 
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dbuUc the fquarc of AC. For the fame reafoh, the angles CEB, Book II, 
EBC are each half right angles 5 but the angle EGF is a ri^tV,^^V^^ 
angle ^ ; therefore GFE is half a right angle * ; therefore the fides c »»• i • 
EG, GFare equal **; but the fquare of EF is equal to the fquaresd.*. i. 
of EG, GF, or double the fquare of GF or CD ^; but the fquares c 34. i. 
of AE, EF are equal to the fquare of AF, for the angle AEF is 
a right angle ; but the fquares of AE, EF are double the fquares 
of AC, CD ; therefore the fquare of AF is double the fquares 
of AC, CD ; but the angle DFB is half a right angle ; for it is e- 
qual to CEB <^; therefore, DFB, DBF are each half right angles ; 
therefore FD, DB are equal ; but the fquare of AF is equal to 
the fquares of AD, DF»», or DB; therefore, the fquares of AD, 
DB are double the fquares of AC, CD. Wherefore, &c. 

P R O P. X. T H E O R. 

T f a right line be cut into two equal partSj and another right 
-*• line added to itj the fquare of the whole and added line 
taken as one line^ and the fquare of the added tiney are double thr 
fquare of the half line^ and double the fquare of the half and added 
liney taken as one line. 

Let the right line AB be bifefted in C, and BD added to it, 
the fquares of AD, DB are double the fquares of AC, 
CD. 

For, from the point C, draw CE perpendicular to AB, and 

y equal to AC or CB ; join AE, EB ; through E, draw EF pa- 
rallel to AD 5 and through D, draw fiF parallel to CE. 

, Becaufe AC is equal to CE^ and thc^n^le-ACE a right an- 

• gle, each of the angles AEC, EAC are half right angles ; and 
therefore the fquare of AE is equal to the fquares of AC, CE, 

\ or double the fquare of AC For the fame reafon, CEB, CBE « 47. ». 
are each half right angles ; therefore AEB is a right angle ; but 

\ the angles FEC, £CD are equal to two right angles ^, and ECD b »j. w 

f is a right angle 5 therefore CEF is likewife a right angle ; there- 
fore CF is a retlangle ^ \ therefore, the angles DFE, FEC are equal ^ j^^^ ^^ 
to two right angles ^ ; therefore, DEF, FEB are lefs than two right 
angles ** ; therefore, FD, EB will meet one another, which let be ^^ q^^^ ^^^ 
inG. ButCEFisarightangle, andCEBhalf arightanglejthere- 1. j 

fore, FEB is half a right angle, and EGF is likewife half a right an- •# 

gle ; therefore, EF is equal to <FG *, and the fquare of EG equal c 6- x. 
to the fquares of EF, FG *, or double the fquare of EF, or CD ; 
therefore, the fquares of AE, EG are double the fquares of AC, 
CD \ but the fquare of AG is equal to the fquares of AE, EG, 

and 


-';* 
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Book IP and Hkewife equal to the (qugres of AD, DG ; for the anglesi 
^^^Y^^ AEG, and ADG are each right ones; therefore, the fquares of 

At), DG, or DB its equal, are double the fquares of AD, CD. 

Wherefore, &c. 

P R O P. XI. P R O B. 

TO cut a given right line fo^ that the reSlangle contained un- 
der the whole line, and one of the parts ^^ he equal to the 
fqu€re of the other part. 

Upon any given right line, as AB, defcribe the fquare 

A 46, I. ABDC *; bifeft AC in E;joinEB, and produce EA fo F; make 

EF equal' to EB; upon AF, defcribe the fquare FGHA, and 

' produce GH to K ; then AB is fo cut in the point H, that the 

, reftangle under AB, BH is equal to the fquare of AH. 

For the reftangle under CF, FA, together with the fquare of 

b ^. AE, is equal to the fquare of EF ^ ; but EF is equal to EB *^, and 

c Conft. the fquare of EB is equal to the fquares of BA, AE ^ ; therefore, 

d 47. I. the reftangle under CF, FA, together with the fquare of AE, 

. are equal to the fquares of BA, AE. Take the fquare of AE frorti 

both, there remains the reftangle under CF, FA, that is, the 

reftangle under CF, FG, that is, FK, equal to the fquare of 

AD. Take AK from both, there remains FH equal to HD ; but 

FH is the fquare of AH, and HD the reftangle under AB, 

BH, for BD is equal to AB. Wherefore, &c. 


PROP. XII. T H E O R. 

IN every ohtufe angled tr tangle ^ the fquare of the fide fubt ending 
the ohtufe angle ^ is greater than the fquares of the fides con- 
taining the ohtufe angle ^ by twice, a re^ angle under one of the 
fides containing the obtufe angle ^ and that part of the fide produ- 
cedy lying betwixt the obtufe angle 9 and perpendicular let fall from 
the oppofite angle. 

Let BAC be the obtufe angle of the triangle ABC ; pro- 
duce the fide - C A till it meet the peopendicular BD, let fall 
a I*, ii ^'^^"^ ^^ point B *. The fquare of BC is greater than the 
fquares of BA, AC, by twice the reftangle under CA, 
AD. 

For the fquare of BC is equal to the fquares of BD, DC ^ ; 
b 47* ». but the fquare of DC is equal to the fquares of DA, AC, and 

twice 


■ 1 
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■ 

twice the rediangle under AD, AC ^; but the fquare ti- AB Boor IL 
is equal to the fquares of BD, DA*> ; therefore the fquare of V^/Wi^ 
Be is equal to the fquares of BA, AC, and twice the rectangle J 4. 
under BA, AC j therefore the fquare of BC is greater than *^* ** 
the fquares of BA, AC, by twice the reflangle under DA, AC* 
"Wherefore, &c. 


^^ 


PROP. Xm. T H E O R. 

TN every acute angled tr tangle y the fquare of the Jidefubt ending 
•■• the acute angle, is lefs than the fquares of the fide containing 
the acute angle, by twice a re6langle contained under one of the 
fides about the acute angle, and that part of the fide lying between 
the acute angle and the perpendicular let fall from the oppoftte 
angle. 

Let B be an acute angle in the triangle ABC ; from the 
angle A let fall the perpendicular AD ^, cutting fiC in D ; ai >%. r. 
the fquare of AC is lefs than the fquares of AB, BC, by twice 
the re£langle under CB, BD. 

For the fquare of AC is equal to the fquares of AD, DC •> j'b 47. 1; 
and the fquare of AB is equal to the fquares of AD, DB *>; 
but the fquares of BC, BD, are equal to twice the reftanglc 
under BC, BD, together with the fquare of DC *^ j therefore the c 7. 
fquares of AB, BC, are equal to the fquares of AD, DC, and 
twice the reftangle under CB, BD 5 but the fquare of AC is e- 
qual tcthe fquares of AD, DC ; therefore the fquare of AC is 
lefs tha^ the fquares of AB, BC, by twice the re^angle under 
CB,BD. Therefore, &c. 


T 


PROP. XIV. P R O B, 


make a fquare equal to a given right lirudjtgure* 


Make the reftangle BODE equal to a given right lined 
figure A*j If BE be equal to ED, then BCDE is a fquare ; a 45. x. 
and what was required is done. If not, produce BE to F ; 
make EF equal to ED, and bifefl BF in G''; with the center b 10. i. 
G, and diftance GB, defcribe a femicircle BUF j produce D£ 
%o H; aod join GH. 

Then 
E 
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Book II. Then, the reftanglc under BE, EF, together with the 

fquare of GE, are equal to the fquare of GF% orGH*; but 

the fquare pf GH is equs^l to the fquares of GE, EH * ; 

d Dcf. is therefore the redangle under BE, EF, together with the 

^ ^' j^ fquare of GE, are equal to the fquares of HE, EG. Take 

* the fquare of GE from both, and the reftangle under BE, 

EF, that is, BD, is equal to the f^^uare of EH. Wbere^ 

fere, &:g, 
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iJEFiNITIONS* 


QtJ A L circles arc fuch whofe diameters arc equal. Book Hi* 

L A right line is faid to touch a circle, when drawn to the famfif 
1; and being produced, does not cut the circle. 

m. , 

Circles are faid to touch each other, which, meeting, do not cut 
qne another. 

IV* 

Hight lines in a circle are faid- to be equally diftant from th^ 
center, when perpendiculars drawn from the center to each 
of them are equal, and that line upon which the greateft 
perpendicular falls la the leaft line* 

V. 

i)efinition ipth^ i* 

An angle o^ a fegment is the angle contained by the right lind 
and circumference of the qirclci 

vn* 

t. An angle is faid to be iii a fegment, when right lined are drawii 
from fome point in the circumference to the ends of that 
line which ia the bafe of the iegmeot, whigh lioes contain tht 
angle< 

vw^But; 
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BookIIL VIII. 

But, when the right lines containing the angle do receive any 
part of the circumferenieie^ then the angle is faid to (land upon 
that circumference. 

IX. 

A (tStoT of a circle is that figure which is contained by two 
right lineS) drawn from th^ center^ and the circumference be- 
tween them. 

X. 

Similar fegihents of circles are thofe which include equal angles 
or whcjreof the angles in them are equal. 


PROP. I. P R O B. 


T 


O^nd the centre of a circle* 

Required to find the centre of the given circle ABC. 
Draw in it the line AB, which bifedi in D*, by the right line 
b 11*. v. CD at right angles to ABb, and prodijce CD to E ; bife£t EC 
in F ; which point is the centre of the circle ABC. 

If not, let G be the centre ; join GB, GA, GD; then, 1>«- 
caufe AD is equal to DB^ DG is common, the b^fe AG is e<^ 
c dcf. 15. 1, qual to GB*^, and the angle ADG to GDB<* ; therefore, each «f - 
d 8. f . them is a right angle ; but FDB is a right angle j therefore, ■ 
GDB is equal to FDB, a part to the whole, wnich is impof- ' 
e Ax. p. I. lible* ; therefore, no point but F can be the centre. Where- 
fore, &c. 

Cor. Hence, if, in a circle, jmy right Ifne cut another right 
line into two equal parts, the centre of the circle will be in thsit 
line which cuts the other into two equal parts. 

PROP. II. T H E R. 

IT any two points Be aJ/umedJn the circumference of a circle, th^^ 
• right line joining thefe points will fall within the circle^ 

Let the circle be ABC, A and B the points in its circumfe- 
rence, the right line AB, joining thefe points, will fall within 
a, r. the circle. Find D the centre of the circle* ; join DA, DB^ 

und draw DF, cutting the right line AB in the point £ ; then d 
bdcf. 15. 1, the right lines DA, DB, DF, are equal^. But DF is greater j 
c Ax. p. I. jjjj^Q J3£c . therefore, DA, DB, arc likewife greater than DE • •: 
but DB) DAi reach the circumfeience j therefore P£ does not 

reach 




X' 
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[ reach the circumference ; therefore the right line AB is within Book III. 
the circle- Wherefore, &c. V 

Cor, Hence, if a right line touches a circle, it will touch it 
'^ only in one point. 

PRO P. ra. T H E O R, 

f T^tjJ^ ^ circle^ a right line he drawn through the centre^ cutting 
j ■* ahotber line not drawn through the centre^ into two equal 
parts^ it Jball 'cut it at right angles ; and if it cut it at right 
\ angles^ itjhall cut it into two equal parts* 

\ Let ABC be the given circle, CD the line paffing through 
|:he centre, cutting the right line AB, not paffing through the 
centre, into two equal parts, it will cut it at right angles $ and 
if the angles AFE, EFB, be right angles, AF will be equal to 
FB. 

For, find the centre E*; join EA, EB ; for, becaufe AF is e- * »• 
qual to FB, and FE is coitimon, the two fides AF, FE, are equal 
to BF, FE, and the bafe AE equal to EB'' ; therefore, the angle ^ ^«^- <«•»•' 
AFE is equal to EFB*^j and each is a right angle** ; therefore, \ j^ll ,o^ 
CD cuts the right line AB at right angles. If EFA, EFB, are ■• 
I right angles, AF is equal to FB ; for, becaufe AE is equal to 
I EB, and EF common, the two fides AE, EF, are equal to BE, ^ jj p^ 
L EF, and AFE, EFB, right angles*, and the angle E AB equal to f 5. u 
\ EBAf ; therefore, the remaining angle AEF is equal to FEB« 5 g Cor. im; 
f therefore the bafe AF is equal to FB^. Wherefore, &c. h 1 1» 


k 


P R O P. IV, T H E O R. 

"^Ftivo right lines are drawn in a circle^ neither of them f offing 
■*• through the centre y they will not mutually hife3 each other*, 

Let two* right lines AC, BD, not paffing through the center^ 
be drawn in the circle ABCD, cutting each other in the point 
E, they will not mutually bife£l each other ; for, if poffible, let 
AE be equal to EC, and BE to ED; find the center F, and join 
FE ; then, becaufe FE, paffing thro' the center, cuts the right 
line AC, not paffing through the center, into equal parts, the 
angles FE A, FEC, are right angles* ; and, becaufe FE bifeas BP, » t^ 
FEB is a right angle* 5 therefore, FEA is equal to ITEB, a part 
to the whole, which is impoffible ; therefore, AC, BD, do not 
mutually bifedl each other. Wherefore, &Ci 

PROP. 
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Book III. P R O P. V. T H E O R. 

TF fxy* circles cut each ,other^ they cannot have the fatM 
•*■ center. 

Let the two circles ABC, CDG, cut each other, they cannoU 
have the fame center, ^ Si 

If poffible, let E be the center of both, draw CE to the poiriS 
of fe^ion C, and EFG through any other point 5 then, becaiift 
a Det IS. ^ ^^ ^^^ center of the circle ABC, EC is equal to EF* ; an\i, be-^ 
I. caufe E is the center of the circle CDG, EC is equal to EG 5' 

li Ax. II. therefore, EF is equal to EG^, a part to the whole, which is 
impoffible ; wherefore E is not the center of both. Wherefore, &c* 

PRO P. VI. T H E O R- 

TF tiao circles touch each other inwardly j they, have not the 
•*• fame center • 

Let the two circles ABC, CDE, touch each other inwardly in 
the point C, they have not the fame center. If poffible, let it 
be F ; join FC, and draw FB thxpugh any other point* 

Then, becaufe F is the center of the circle ABC, CF is equal 
adcf. i5.r.to FB^; for the fame reafon CF is equal to FE; therefore FE' 
is equal to FB^, that is, 3 part to the whole, which is impoffibIe< 
Wherefore, &:c. 

■ 

PROP. VIL T H E O R. 

'IF fome point is taken in the diameter of a circle ^ which is not 
•*• the center J from that point if fever al right lines are drawn t§ 
the circumference y the great e/i ofthefe right lines is that part of 
the diameter in which the center isy and the remainder of the dia^ 
meter is the leafl ; of the other lines y the near eft to that pafjing 
through the center is greater than thai more remote ; andy on each 
fide of the diameter y only two right lines can he drawn from thai 
point to the circumference equal to one another. 

Let F be a point in the diameter of the circle ABCD, which ' 
is not the center, and from it be drawn FA thro' the center, and 
FB, FC, FG, any how to the circumference, FA is the great- 
eft line, FA is greater than FB, FB greater than FC, FC great- 
er 
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tt than FG, and FD ihe Icaft. And from the point F only two BookIII 

right lines .c5n be drawn equal to one another on each" fide of i^,^^.^/ 

diamete^ for, find the center E j join BE, CE, and GE. ^"^^^^^ 

Tlu^^r^caufe E is the center of the circle, EA is equal to EB; 

^dd EF to both ; then AF is equal to BE, EF ; but BE, EF, are 

l^reater than BF^; therefore AF is greater than BF; Ijut "BE is a »o. i. 

equal to CE, and EF common ; therefore BE, EF, are equal to 

CE, EFj but the angle BEF is greater than CEP»; therefore, the b Ax, p. 

bafe BF is greater than CF^. For the fame reafon CF is greater c 7,^ ». 

than GF; likewife the two fides GF, FE, of the triangle GEF, 

are greater than GE, that is, than ED ; take EF from both, 

there remains GF greater than FIHj therefore, AFis the great- d Ax. 5. i, 

eft right line, and FD the leaft. 

Laftly, on each fide of the diameter, from the point F, only 
two right lines can be drawn equal to one another 5 for, ^t the * 
point E, with the right lihe EF, make the angle FEH equal 
to FEG, then the bafe FH is equal to GF^. If any other right e 4- i» 
line can be equal to FG, let it be FK, that is, a line nearer to 
that pafling through ' the center, equal to one mdie remote, 
^bich cannot be. Wherefore, &c. 


PROP. VIII, T H E O R. 

'fF a point be taken without the circle j and from it right lines he 
■^ drawn f one of which pajfing through the center^ and the other^ 
falling upon the concave part of the circumference j the great eff^bf 
thefe lines is that pajfing through the center ; and the line nearer 
to that J paJfing through the center 9 is greater than that more* re- 
mote ; of thofe falling upon the convex part of ihe circumference ^ 
that which lies betwixt the point and the diameter is the leaft liney 
and that line nearer to thatpajjing through the center ^ is lefs than 
fhat more remote ^^and^ on each fide of the diameter ^only two lines 
can be drawn frtrni that point ^falling either on the concave or con- 
vex part of the circumferer\ce equal to qne another. 

Let any point D be taken without the circle ABC; draw DA, 
DE, DF, DC, to the concave part of the circumference ; of thefe 
lines DA, which pafles through the center, isthegreateft; DE 
is greater than DF, and DF than DC. Of thefe that fall upon 
the convex part of the circumference, DGisthe leaft, DK is 
lefs than DL, and DL thaii DH ; on^atfi fide of DG only two \ 
right lines can be drawn equarto each pther, either on the con- 
vex or concave part-ef'tfie circumference. For, find the center 
Jd I draw MErMF, MC, MH, ML? MS- ' Now, becaufc MA 
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fiooKlILis equal to MB^ add MD, "which is common to both^ then AD 
\ OVV.^ JS equal to DM, ME; but DM, ME, are greater than DE'; there- 

I a »o. 1. fore DA is greater than DE ; but DM, ME, are equal to DM ; 

MF, and the angle DME greater than DMF; therefore DE is 

b 14. I, greater than DF*'. For the fame reafon, DF is greater than 

DC J wherefore DA is the grcateft of the right lines falling on 

the concave part of the circumference. Again, becaufc DK 

c Dcf. 15, KM are greater than DM% take the equal lines KM, GM^ from 

d Ax. 5. 1, both, there remains DG lefs than DK** ; but K is a point taken 

within the triangle DLM; therefore DK, KM, are lefs than 

, « »Ji' »• DL; LM«=; take MK, ML<^ from both, there remains DK lefs 

I than DL^* For the fame reafon, DL is lefs than DH ; wherefore 

' DG is the leaft line, and DK lefc than DL, &c. 

Likewife, from the point D on each fide of the leaft line, 
I only two right lines can be equal to each other, falling on the 

convex part of the circumference. For, make the angle DMB 

equal to the angle DMK, and joia DB ; then,becaufe DM, MB, 

' are equal to DM, MK, and the angle DMB to DMK, the bafe DB 

f 4* *• is equal to DK^. If any other right line can be equal to DB, 

\ let it be DN ; that, is a litie nearer to the leaft line equal to one 

more remote, which cannot be. Neither can more than two 
equal right lines falL upon the concave part of the circumference 
on each fide of the diameter from the fame point. 
For, let the angle AMO be made equal to AME, join MO, 
% 13. ^. DO ; then tbeangles AMO, DMO, are equal totwo right angles?, 
and AME, DME, likewife equal to two right angles^ but AMO 
h Ax, 3. 1, jg gqj^al to AME; therefore, the angle DMO is equal to DME^} 
but DM, ME, are equal to DM, MO, and the angle DME to 
* ^' '• DMO ; therefore, the bafe DO is equal to DE». If any other 
right line can be equal to DO, let it be DP, that is, one nearer 
to that paflfing through the center, equal to one more remotet 
Wherefore, &c, 

PRO P. IX. T H E O R. 

If a point be ajfume^in a circle^ and from it be drawn more tht^n 
two right lines to the circumference ejual to one another j^ f/^at 
point is the center of the circle. 

Let the point D be allumed in the circle ABC, and froixi it 
be drawn, to the circumference, the right lines DB, DC, DA, 
equal to one another^ D is the center of the circle. If not, let 
E be the center, join D, E, which produce to F and G ; then is 
^G the diaxneter^ and P is fpme point in it| not the center ^ 

therefor? 
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Aerefore DG i$ greater than DC> DC than DB» and DBBook III. . 
ihan 1} A *i but DC, DB, D A» are equal ^ ; and likewife not c^\^^ 
qual; which is impoilible; therefore no point but D is the cen-^ y, 
i ter of the circle. Wherefore^ &c. b Hyp, 


o 


P K O P. X. T H E OR. 


NE circle cannot cut another in more than two points* 


For, if poffible, let the circle ABC cut the circle DBF in the 

Eoints B, Gy F i let K be the center of the circle ABC; join 
K, KG, KF. Mowy^ becaufe K is a point within the circle 
D£F^ from which there is drawn to the circumference the right 
lines BK, KG, KF, equal to one another ; therefore K is the 
center of both circles*} which is impoi&blei>. Wherefore.* §• 
«cc. ^^^ 


I 


P R O P. XI. T H E O R. 

F two circiet touch one another inwardly, a line joining their 
center j; will fall on the point of cgntaSL 


Let the two circles ABC> ADSj touch each other inwardly 
in the point A ; let F and Q be the centers of the circles ABQ, 
AD£ \ then the line joining the centers F, G, will pafs through 
the point A» If not^ let the right Kne joining the centers F, G, 
cut the circles in the points D, H ; join GA; then becaufe F is 
the center of the circle ABC, FA is equal to FH*. For the ^ jef. |^, ,, 
iame reafon, GD is equal to QA ; but GA> GF, are great* 
crthan AFb; therefore DF is greater than AF; therefore ^ ^. ,^ 
greater than HF ; and likewife lefs ^\ which is impoOible ;^ ^^ 
therefore the line joining the centers will not pafs through, 
any other point than A. Wherefore, &c. 


I 


PROP. XII. T H E O R. 

Ftv)0 circles touch one another outwardly, a line joining 
their centers will pafs through tfne point qf c^ntaSi. 


Let the two circles ABC| ADE, touch one another out* 
Wardly in the pQint A ; a right linci joining their centers, 

F will 


J 
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l^ook IIL will pafs through the point A. If not, let F« G, be the cetM 

t^^r— |^^-»^ffr«r of the two circles, and the light line FG joining them | 
cut the circles in C» D ; join FA, AG* Becaufe F is the 

a def. xj. X. center of the circle ABC, FA is equal to FC a; and, becaufe 
G is the center of the circle AD£, GA is equal to GD% 
add DC } then the whole FG is greater than ^A, AG ; an4 

)) ^|. like^ife lefsb^ which is impoffible* Wherefore, &c. 



o 


PROP. Xm. T JI E O R. 

NB circle cannot touch another ^ either outwardly or u|< 
ward/jf, in mQr^ than one pqint. 


] 


The circles ABC, BFD, cannot touch one another in- \ 
wardly in more than one point ; for, if po0ible, let them 
touch in B, D ; let G be the center of the one circle, and H 
of the other ; then BG is equal to GD, and greater than HD; 
^therefore BH is much greater than HD ; but H is the center 

« tu of the circle ^DR^; therefore BH is equal to HD ; and like- 

wife greater; which is impoffible : Therefore the circles ABC, 
BFD, cannot touch one another inwardly in the points B, D. 
Let the circle AKC touch'the circle ABC outwardly in tl^e 
points A, C, if poffible ; join AC ; then is AC witnin the 

^ a. circle ACK^^ and like wife without tl^e fapnec^ which is imi 

f; b|p» poiiible. Wherefore two circles, 2^c« . 

PROP. XIV. T H E O R. 

A NT number of equal right lines ^ drawn in a circle^ are 
equally diji ant from the center ; and^ if they are equally 
(iiftdnt from the center^ they are equal to one another. ' 

• « 

\itt AB, CD, be two equal rig^t lines, drawii in the circle 

AfiD ; find E, the center of the circle, and from it let ifall the 

- perpendiculars EF, EG, they will be equal to ope another \ for, 

join EA, EC ; then ar^ the right lines AB, CD, bifcfted by 

^3, the right lines Eif, EG*; thefquareof AE i$ equal to the 

\> 4.7. |. iquares of AF/ FE *>; and the fquare of EC equal to the fquares 

of CG, GE ; therefore the fquares of AFj'FE, are equal to the. 

pAx. X. fquares of CG, GEc; but the fquare of AF is equal to the 

|| Ax. r* fqiiafe of CG ^i therefore the liquare of FE is etq^al to the 

I Mr i* fquare of EG % perefpre AB, CD^ are equally dift^np from i\^ 


OF E tJ e L i D. 


« 


^<it)r» if £F be equal to EG, then AB will be equal to CD ;Book lit 
lor the fquares of AF, FE, are equal to the fquares of CC^^^^^^^^^ 
GE; but the fquare of £F is equal to the fquare of £G; tliere- 
forethe fquare of AF is equal to the fquare of CG^; butcAx^j. 
ABis double AF|*, and CD double GGj therefore AB is equal g 3. 
toCD^ Wherefore, &c* f Ax. 6* 


PROP. XV* THE OH. 

Ttt E diameter of a circle is the greatejl rigbi line in it, 
and the line neareft to the diameter is greater than that 
more remotes and bn each fide of the diameter only two right lines 
can he drawn equal to one another. 

Let ABC be a circle, whofc diamdtef is AD j let MN, FG, 
be drawn anyhow in the circle ; then AD is the greateft line$ 
AD greater than MN, and MN greater than FG. Find the 
center E ; draw EM, EN, EF, EG ; then AE, ED, are equal 
to ME, EN ; but ME, EN, are greater rffan MN «; thereforea »o. u 
AD is greater than MN j likewife ME, EN, are tqual to FE, ^-^ 
EG, and the angle MEN greater than FEG ; therefore MN 
is greater than FG^ : So likewife on each iide of AD onlyb 24* 1^ 
two right lines can be drawn equal to one another, viz. upon 
Ifrhich the equal perpendiculars fall. For, let fall a perpen- 
dicular EL upon MN, and draw EH equal to it, and BC at 
right angles to EH ; then BC is equal to MN<^d If any other c 14^ 
right line can be equal to MN, or BC, let it be FG, a line 
Nearer to the diameter equal to that more remote. Where* 
fore, &c. 

PROP. XVI. fHfiOR/ 

A Line drawn from the extreme point of the diameter of d 
circle i at right angles to that diameter^ fhall fall with* 
out the fame ; and between that right line and the circumf^^ 
ren^ce no right line can be drawn* 

Let ABC be a circle, wbofe diameter is AB ; at the ex* 
tremity of which, if a right line is drawn at right angles, it 
ihall fall without the circle. 

If notj let it fall within the circle, as AG; find the center^ 
lind join CD» Then, becaufe D AC is a right angle, DC A wil 1 

be 
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Book m. be like^ife a right angle, for DA is equal to DC a, that itf, m9 

i„i^»"V*0 angles in a triangle equal to two right angles ; which cannoe 

m 5. 1. be b; neither can it fall upon the circle c ; therefore it muft fali 

^^ '• without the circle, which let be AE ; and betwixt the right 

tDe.4. -jincAE, and circumference CHA, no right line can be 

drawn. If poflfible, let FA be drawn ; thert DAF is tefs than 

a right angle. From the point D, to the right line FA, a line 

X can be drawn at right angles to FA, falling without the 

circle ; which let be DG ; then, becaufe DGA is a right 

angle, and DAG lefs than a right angle, DA is greater 

4 19. !• than DG ^; but DA is equal to DH •, therefore DH is great* 

er than DG, and likewife lefs ) which is Impoffible ! There* 

fore, betwixt the circumference and right line AE no other 

right line can be drawn* Wherefore, &c. 

Cor. L Hence the angle between the right line and cir« 
cumierencc is the leaft of all acute ansles ; and the angle 
betwixt the diameter and circumference is the greateft acute 
angle, pofltble. 

U. Hence, likewife, a right line, drawn at right angles, at 
the extreme point of the diameter of a circle, touches the 
circle only in one point ; for, if it meet it in two points, it 
c %» would fall within the circle c. 


1 


T 


PROP. XVII. PR OB. 

draiff a right line that v)ilt touch a given circle from 
a given point "mthout the fame. 


Let BCD be the circle, and A the point without it ; it is 

required to draw a right line from the point A, that will 

« X. touch the circle BCD. Find E the center of the cirtle a; join 

AE, cutting the circle BCD in D. About the center £, 

with the diftance £A, defcribe the circle AFG ; from the point 

k. XX. I. D draw DF at right angles to D£b. cutting the cirqle AFG 

in F; join £F; cutting DBC in B, and join AB; then is 

AB the tangent required. 

For, becaufe £ is the center of both circles,, the right lines 

AE, £B, are equal to F£, £D, and the angle £ commoi^ > 

. therefore the triangle AB£ is equalto FDEc; and the angle 

• ^* *' EBA to EDF J but EDF is a right angle ; therefore ABE is 

likewife a right angle : Therefore AB is a tangent to the 

. . circle in the point B^, and drawn from the point A. Which 

44*c<r. x6« « .^^,-:^^j 
was requirea* 

PROP. 


O P 1 U C t 1 a 4S 

Book lit 
PROP. XVm. and XIX. T H E O fi. 

IF any right line ttmcbes a circle^ and from the center to th^ 
point of contaS a right line be drawn^ that line will bt 
at right angles to the tangent : ahd if 9 from the point of conr^ 
ta^% a right line be drawn^ pajing through the circle, at right 
angles to the tangent , the center of the circle wiU be in that line. 

Let ABC be a circle, and D£ a right line touching it in 
the point C ; and if, from the center F, there be drawn a 
right line TC> that line will be perpendicular to the tangent. 
If not| let FG be drawn from the center F, at right angles to 

DE*. 110.1. 

Now» becaufe FGC is a right angle^ FCG will be lefs than 
a right angle b ; therefore VC is greater than FG c ; that isi b 17. i. 
FB greater than FG, a part greater than the whole ; which is c 19. i • 
impoffiblei For the fame reafon, no right line but FC can 
be perpendicular to D£« 

2dly, If, from the point of contafl C, of the tangent DE, 
AC be drawn through the circle ABC, at right angles to 
DE, the center of the circle will be in AC If not, let it be 
in H ; join HC ; then HCE is a right angle ^ ; but ACE '\%^ zt- 
a right angle t\ therefore HCE is equal to ACE^ a part to tVtf^ 
the whole \ which is abfurd. Wherefore, &c. 

PROP. XX., THE OR. 

TH R angle at the center of the, circle is double the angle at 
the circumference^ when thejame arc is the bafe of both. 

Let ABC be a circle, and E its center, the angle BEC, at 
the center, is double the angle BAC, at the x:ircumference | 
the arc BC being the bafe of both. 

For, join A E, and. produce it to F; then, becaufe EA is 
equal to £B, the angle EAB is equal to EBA^ ; but EAB,a5. x. 
EBA, aire double EAB ; and BEF is equal to EAB, EBAb,b 3^ ^ 
or double EAB. For the fame reafon, FEC is double E AC j 
therefore the whole angle BEC is double BAC. Again, let 
there be another angle EDC j join EC, and produce DE to 
B} then the outward angle BEC is equal to EUC, £CD» 
or double EDC «• For the fame reaibn, the angle BEF is 
double the angle BDF ; but the whole angle BEC is douUe 
BDC, and a part BEF is double a part BDF ; therefoire, the 
remainder FEC is double the remainder FJDC* Wherefore, &c. 

PROP, 


X 


; 


V 
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Bookm. 


A 


PROP. XXI. PR OB. 

Segment of a circle being given^ to4efctihe the circU 
ivhereofitisthefeginent. 


See fiff. ijr* It is required to defcribe the circle, whereof ABC is a feg«» 

menty bifed: AC in D, draw DB at right angles to AC, an4 

join AB ; then the angle BAD will be either equal, greater, 

or lefs than the angle ABD : Firfl^ let them be equal ; then 

a 4. 1. tbe fide AD is equal to DB », and DC to AD ^, therefore D c 

b Coaft. is the center of the circle. 2dly^ If the angle BAt) is greater 

^9- or lefs than ABD, make the angle BA£ equal to ABD, and 

join A£, EC ; then the fide AE is equal to BE s and becaufe 

AD is equal to DC, and D£ common, the angles ADE, 

c. 4* T« CDE are right ones ; therefore the fide AE is equal to EC^ ; 

, therefore the three lines £A, EB, EC are equal ; therefore £ 

is the center of the circle «. If the center £ is withui the 

fegment, then the fegment is greater than a femicircle, it 

without, lefs ; if upon the bafe of the fegment, then it is a fe* 

micirele. Wherefore, &c. 

PROP. XXII. THE OR, 

ANG LES that are in the fantlt fegment of a circle are 0* • 
qual to each other* # [ 

s fie ai ^^^ BAED be the fegment of a circle, either ^eater or 

ee lis- • j^j.^ ^^^ ^ femicircle ; and BAD, BED, angles iu^it^ (kme, 

thefe angles are equal to one another. Complete the circle^ 

tax. . ABCDES and to the center F; draw;BF, FDj then the 
ancle BFD is double the angle BAD^j, and likewife double 

cAx. 7* z- BED J therefore BAD, BED, are equal to one anothefc^ 
If the fegment is lefs than a femicircle, join AE, comf 
plete the circles and, to the center F, draw AF, FE ; then 
the angle AFE is double the angle ABE or ADE *> 5 but the 

di<. X. 2i"g^^ AGB is ccjual to EGD^; therefore the remaining 

c Cw. 3*. I. »»gi« ® ^^ **^ ^"l"^^ ^^ ^^^ ^- "Wbcrcforc, &c- 


PROF. 
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Book m. 
PROP. XXin. THE OR, i-^-V^iJ 

THE oppojite angles of every qimdrilaterahjigure infcri* 
bed in a circle^ are equal to tivQ right angles* ^ 

Let ABDC be a quadrilateral figure itircribed in the circle See fig. j^a* 
^BDCf the oppofite angles BAC, BpC are equal to two 
right angles } as alfo ABD, ACD ; join DA» EC. 

Then in the fegment DBAC, the single DBC is equal to 
pAC*;for the fame reafpn the angle BAD is equal to ass. 
3CD>; therefore the whole apgle BAC is equal to the two 
angles 1>BC, DCB \ add BOC to both } then the two angles 
BAC, BDC are equal to (he three angles in. the triangle 
BDC, that is, equal to two right angles b : But all the in-bjs.z. 
ivard angles of any quadrilateral figure are equal to four 
right angles c ; therefore the angles ABD, ACD are equal « Cor. %%. Xf 
to two right angles. Wherefore, &c. 

PROP. XXIV. THE OR. 

TWO ftmilar and unequal Jegments of circles cannot be 
placed upon the fame right line, eitbet on the fame or 
^pfofite Jides. 

For, if poflible, \t% the fimilar fegments ADB, ACB, be see fig. %%y 
placed upou the fame right line AB ; if not on the fame fide, 
there can be drawn, on the fame fide, a fegment equal to one 
of them ; let this be ACB ; then, becaufe they are fimilar, 
the angle ACB is equal to ADBa^ which cannot be^.aDef. ii, 
V^hcrcfore, &c. , bi6.i, 


s 


PROP. XXV. THE OR. 

/ 

Imilar fegments of circles , being upon equal right lines^ 
are, equal to one another* 


Let AEB, CFD be fimilar fegments, conftitute on the See £5. a|, 
jcqual right lines AB, CD ; they are equal to one another. 

For, kt the fegment AEB be applied to the fegment CFD, 
fo as the point A coincide with C, and B with D; then AB 
will coincide with CD, and the fegment AEB with CFD : 
}f notj tWy will cut one another^ Vjrhicb let be in G ( then 


THE ELEMENTS 


JBook ni. the fegment CiQD cuts the fegment CFD in the poinU 
iL^^ym^Cf G, jD ; therefor^ a circle will cut another circle in mor^ 
»xo« than two pointSj which cannot be «• Wherefore^ &c» 


PROP. XXVI. THE OR. 

IN equal circles^ the circumferences ^ upon which equal angles 
fiand^ are equal to one another^ whether the angles are at 
the center or circumferences* 

Let ABCi DBF, be equal circles, and BGC« EHF, equal 

angles at the centers, and B AC, £DF at the circumferences ; 

. then th^ circumference BKC is equal to ELF ; join BC> £F; 

a Dcf. I. then, fmce BG, GC are equal to EH, HF s ^nd the anele 

b4 s. BGC to EHF> the bafe BC is equal to £F b; and becaufe the 

angle BAG, is equal to £DF, and the right line BC to £F« 

^Def. xo. the fegment BAG is fimilar, and equal to EDFc i but the 

and Prop, yirhole circle BAG is equal to the circle EDF, and the cir-i 

^^' cumference BAG to the circumference EDF ; therefore the 

remainder BKC is equal to ELF. Wherefore^ &c* 

PROP. XXVU. THE OR. 

ANgleSf that flani upon equal circumferences in equal 
circles^ are equal to each other, whether they be at the 
centers or circumferences^ 

Let the angles at the centers of the circlets ABC, D£F, be 

BGGi EHF, and the angles BAG, EDF, at their circumfe* 

rences, ftanding on the equal circumferences BG| KF \ then 

the angle BAG is equal to the angle EbF, and BGC to EHF. 

For, if the angle BGC be not equal to the angle EHF, let 

one of them be greater, as BGC, and make BGK equal to 

^%s. £HF; then the circumierence BK is equal to £F a: but £F 

|»Hypoih. is equal to BC >>. therefore, BK id equal to BC, a part to the 

whole, which is impoilibie ; thefefoie, the angle BGK is iiot 

equal to EHF • therefore, no angle but BGC can be equal 

to EHF at the center, and BAG to £|DF at the circumfe- 

xence. Wherefore, &c« 

P R O P j 
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ft 

V 

t R O P. XXVni. and XXIX. T H E O R. ^^^!^ 

TAT equal circUs, equal right lines cut off equal circumferences^ 
* the greater equal to t he greater^ and the leffer to the leffer^ 
and the right linesy in equal circles y which cutoff equal circumfe- 
renceSf are equal. 

Let ABC, DEF be equal circles, in which are the equal right 
lines BC, EF, which will cut ofF the greater circumference, 
Yiz. BAG equal to EDF, and the leffer BGC to EHF. 

For, find the centers K and L of the two circles, and join* 
BK, KG, EL, LF; then, becaufe the two circles are equal, 
the two fides BK, KG are equal to the two fides EL, LF% and a Dcf. i. 
the bafe BG equal to EF ^'j therefore the angle BKG is equal to b Hyp. 
ELF% and the circumference ■ BGC equal to EHF; but thee 8. i. 
whole drcumference BGC A is equal to the whole circumfe- 
rence EHFD i therefore the remaining circumference, BAG, is 
is equal to the remaining circumference EUF. Wherefore, 
&c# 

And, if the circumference BGC be equal to EHF, the right 
line BG will be equal to EF ; for, the fame conftruftion remain- 
ing, becaufe BK is equal to KG; and EL to LF *, and the an- 
gle BKG to ELF d, the bafe BG is equal to EF S Wherefore, d 17. 
&c. <^ »♦• !• 


PROP. XXX. P R O B. 


T 


cut a given circumference into two equal parts. 

It is required to cut the given circumference ADB into two e- 
qual parts. Join AB, which bifeft in C*; from' which draw a 10. 
the right line CD at right angles to AB*>, and join AD, b u. 
DB. 

Now, becaufe AG is equal to GB, and CD commbn, the two 
fides AC, CD are equal to the two fides BC, GDj and the angle 
ACD to BCD b . therefore, the bafe AD is equal to DB % and ^ -*'• 
the circumference AD to DB**J. W,berefore, &c, *^ ^^- 


II. X, 


G PROP. 

V 
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Book III. 

^'•^^^'^^ PROP. XXXL T H E O R. 

^T^HE angle in afeniicircle is a right angle ^ and the angle in € 
figf^^nt greater than a femi circle is lefs than a right angle^ 
and the angle in afegment lefs than a femidrcley is greater tharc\ 
a right angle. . 

Let the angle BAG be an angle in a femicircle, {landing on 
the diameter BC ; find the center E, and join AE ; the angle 
BAC will be a right angle : Let ADC be a fegment cut off by 
- the right line AC, join AD, DC ; then the angle ADC is great- 
er than a right angle ; if the circle be compleated, the fegment 
ABC is greater than a femicircle, and the angle ABC in iflels] 
than a right angle. 

For, becaufeE is the center of the circle, the angle ABE is 
» 5. 1. equal to BAE*, and the angle EAC to ACE *; therefore, 
the whole angle BAC is equal to the two angles ACB, ABC \ 
b Cor. 3». therefore, BAC is a right angle^, and the angle BAC is great- 
1. er than ABC; for BAE is equal to ABC. But the angleSj 

c a». ABC, ADC are equal to two right angles*^, and ABC is lefs 

than a right angle; therefore ADC is greater than a right an- 
gle. Wherefore, &c. 

Cor. Hence the angle of a fegment greater than a femicirclei 
is greater than a right angle, and the angle of a fegment lefs thanj 
a femicircle, is lefs than a right angle. For the angle that the 
circumference B A makes with th€ right line AC is greater than 
a right angle ; for it contains the right angle Bx^C. And the 
angle that the circumference AC makes with the " right i 
line AC, is lefs than a right angle 5 for, if BA be produced to F* 4 
^he right angle FAC contains it. r 


PROP. XXXn. T H E O R, 

• • ■ 

^F a right line touch a circle^ aiidfrom the point ofcontaB a right 
"*■ line be drawn to the circle^ the angles that right line makes 
ivith the tangent are equal to the angles in the alternate /eg* 
mentf of the circle* 

Let the right line EF touch the circle ABCD in the point B ; 
from any point D, in the circle, draw the right line DB; then 
the angle DBF is equal to the angle in the alternate fegment 
DAB ; and the angl^ DBE equal to DCB j for, from the point 

• • r 
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of contaftB, draw BA at right angles to EF?; take any folnt Book III. 
C in the circumference, and join AD, DC, CB. 

Now, becaufe BA is drawn from B, atright angles, to EF,'the ^ ^,. 
I center of thft circle is in Afi^'j and, becaufe ADCB is a femicircle, b 19. 
the angle ADB is a right angle *^; therefore ADB is equal to the c 31. 
two angles DBA, DAB<*; but ABF is likewife a right angle; dor. 3*. i. 
therefore the angle ABF is equal to the angles DBA,. DAB j 
but the angle ABF is likewife equal to the angles DBF, DBA ; 
therefore the angles DBA, DBF, are equal to the angles DAB, 
DBA^. Take the common angle DBA from both, there re- * ^*- '• '• 
mains the angle DBF equal to DAB, the angle iiv the alternate 
fegment- 

Likewife the anglfe DCB is equal to the angle DBE ; for, 

DCB, DAB, are equal to two right angles ^ and- DBF, DBE «, f ^^, 

equal to two right angles ; but DAB is proved equal to DBF ; S ^3- '• 

therefore the remainder, DCB, is equal to DBE. Wherefore, 

&c. L 

I 

PROP. XXXIIL P R O B. 

UPON a given right line to defcribe a fegment of a circle^ 
that will contain an angle equal to a given right lined 
angle. 


It 13 required, upon AB, to defcribe a fegment of a circle, 
that will contain an angle equal to a given angle, C. 

At the point A, with the right line AB, make the angl^ 
BAD equal to C *; draw AE at right angles to AD^; bifeft ^ *?• »• 
AB in F ^, and draw FG, at right angles, to AB, .cutting AE ^ ," ' ^^ 
in the point G j joiiji GB ) .with the center G, '^d diftance 
GA, defcribe the circle ABE, which wilUpals through 
the point B; for, becaufe AB is bifefted in F, and GF 
drawn, at right angles, to AB, the right lines AF, FG. are 
equal to BF, FG ; and the angle AFG equal to BFG ; therefore 
AG is equal to GB <*. Now, becaufe AD is a tangent to the d 4- i-' 
circle % the angle BAD is equal to the angle in the alternate c lO, 
fegment BEA^ ; but the angle DAB is equal to the angle C ^ •,/ 3i- 
therefore the angle AEB is equal to the angle C. Wherefore, ^ °° • 


T 


PROP. XXXIV. P R O B. 

cut cff a fegment from a given-circle that Jhall contain an 
> angle equal to a given right lined angle. 

ft 


L 
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Book HI. jt \s required to cut off a fegment from the gircn circle ABC, 
^<>VW that fliall contain an angle equal to the given angle D. 
a 17. Draw the line EF, touching the circle in B*j from which 

b *3. I. draw BC, making an angle FBC d^ual to the angle D^; theik 

the angle FBC will be equal to the apgle in the alternate feg- 
c 3*. ment, viz. BAC *^j but FBC is equal to the angle D ; therefore 

BAC is equal to the angle D. Wherefore, &c. 


PROP. XXXV. T H E O R. 

T F ivfo right lines in a circle mutually cut each other ^ the rec^ 
"■• tangle contained under the fegment of the one^ is equal to the 
redhngle contained under the fegment s of the other • 

Let the two right lines AC, DB, in the circle ABCD, mu- 
tually cut each other in E ; then the reftangle under AE, EC, 
is, equal to the rectangle under DE, EB ; if AC, DB, pafs 
each through the center, then the reftangle under AE, EC, 
is eq ual to the reftangle under DE, EB^ foj: the lines are e- 
qual*. ^ ^ 

adly, If AC, pafling through the center, cut BD, not pafling 

through the center, at right angles, in the point E, find the 

b 3' centei F, and join FD ; for, becaufe BE is eqUal to ED b, and 

the angle DEF is a right one, the fquares of DE, EF, are 

c 47. 1. . equal to the fquare of FD *; but the reft^ngle under AE, EC, 

d 5- i. "together with the fquare of EF, is equal to the fquare dryC «*, 

or FD. Take the fquare of FE, which is common, from both, 

there remains the reftangle under AEj EC, equal to the iquare, 

of tD, that is, the reftangle un4er*BE, ED. If the right 

line, AC, pafling through the center, cut BD, not pafling 

through the center, and not at right angles, draw FG at right 

angles to BD, and join FD ; then BG is eqtial to CD *> ; 

tiie reftangle under BE, ED, together with the fquare of GE, 

Is equal to the fquare of GD^. Add the fquare of GF to both, 

then the redlangle under BE, ED,*ivith the fquares of* EG, 

GF, or the fquare of EF% are»cqua/to the ft]uare of FD j but 

the reftangle' under AE, EC, togetJKr with the fquare ofiiEF, 

are likewife equal to the fquare cf FD. Take the fquare ofJEF 

from both, then the rcftanglc irji{£er AE, EC, is equal to the 

redtangle underBE, ED. 

•I 
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3dly, If neither pafs through the center, draw GH, palling BookIH. 
through the center F, and •cutting AC, BD, in E ; then the K^i^J 
re£tangle under AE, EC, is equal to the reftangle under BE, 
£D^ for each is equal to the redangle under G£, £H« 
Wherefore, &c 

PROF. XXXVI. T H E O R. 

« 

T F J&me point he taken witiout a i irch, and /ram that point tw$ 
■*• right Unes he drawn^ one of which touches the circle^ and the 
other cuts ity the re6langle under the whole fecant line, and the 
part between the point and convexity of the circle, is egual to the 
fquare of the tangent line. ^ 

Let ABC be the circle, U the given point, and DCA^ DB^ 
the two given right lines, of which DB touches the circle, and 
DC A cuts it ; the rcvlangle under AP, DC, is equal to the 
fquare of DB. 

Now, DC A cither paffcs thro' the center, or not. Firfl:,let It 
pafs thro' the center £, and join BE ^ then, be^aufe AC is i>i- 
fefted in £, and J^C added, the rfOian^c under AD, DC, to- 
gether with the fquare of C£, are equal to the fquare of D£ ';« ^- W 
bm the Iquare of D£ is equal to the fquares of DB, BE >> ; for *> 4T. «<i 
the angle DBE is a right angle ^ ; therefore the rectangle under ^ **• 
AJD, DC, tfii^ejjher with the fquare oi CE^ are equal to the - 
%uans8 of DB, BE. Take the equal fquares of BE, C£^ from 
b^th, there remains the re^angle AD, DC, equal to the fquare 
ofDB. :^ 

adiy. Let DA not pafs through the center of the circle ABC; 
find ihe center £<«, and }«in ED, EC, EB ; draw EF, at right ^ '• 
angks, to AC, cutting it inF*; then AFls equal to FCf;f"*^ 
therefore the reflangle under AD, DC, together with the fquare 
of CF, are equal to the fquare of FD. Add the fquare of FE 
to both; then the redangle under AD, DC« with the fquares * 
of CF, FE, are equal to the fquares of Dt, FE* but the fquare 
of CE is equal to the fquares of CF, FE*', and the iquare of 
DE equal to the fquares of DF, FE \ therefore the recSianglc 
under AD, DC, wj^ the fquare of CE, are equal to the fquare 
of DE; but die fquare of DE is equal to the fquares of DBj^ 
BE ^ ; therefore the reft angle under AD, DC, with the fquare 
of CE, are equal to the fquares of DB, BE. Take the equal 
fqiiares of BE, CE, from both, and the reftangle under AD, 
DC, is equal to the fquare of DB. Wherefore, &c* 

PROP, 
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PROP. XXXVn. T H E O R. 


bf. 

c x8« 
dstf. 
€ Hyp. 


it. u 


T Ff/rom a point without a circle two right lines he drawn, on^] 
■*■ of which cuts the circle y and the other falls upon it ; and, if the\ 
rectangle under the whole Jecant line, and part betwixt the point 
and circle y he equal to the fquare of the other line, this laft line 
fball he a tangent to the circle. 

Let fome point D, be aflumed without the circle ABC, and 
from it draw the lines DC A, DB, fo that DCA cut the circle, 
and DB fall upon it; and, if the redlangle under AD, DC, be 
equal to the fquare of DB, then DB will touch the circle in ttse 
point B. 

For, let DE be drawn a tangent to the circle in the point E •j] 
find the center F«>, and join BF, FE, and DF. 

Then the angle DEF is a right angle ^; therefore the rec-l 
tangle under AD, DC, is equal to the fquare of D£ «*,• but th(* 
redangle under AD, DC, k equal to the fquare of DB^;1 
therefore the fquare of DB is equal to the fquare of DE, andj 
DB equal to DE; therefore the right lines DE, EF, are et^uj 
to DB, BF 5 and FD common ; therefore the angle DBF u 
equal to the angle DEFf; but DEF is a right angle jtherefon 
DBF is likewile a right angle : Therefore Ti^ i& a tangent t< 
the circle^. Wherefore, &c. 

CoR.L Hence, if any number of right lines, as DA, DG, be. 
drawn from the point A, cutting the circle in C and H, the] 
re£l:angles under AD, DC, and GD, DH, arc equal to one a-j 
nother ; for each of them is equal to the fquare of BD. 

11. If, from any two points in the circumference of a circle,^ 
two tangents be drawn, fo that, being produced, they "w^ilJ 
meet one another \ then thefe tangents will be equal to one a -3 
nother; for each of their fquares, viz. of BD, DE, is equal 
thereftangle contained under, AD, DC. 
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BOOK IV. 


DEFINITIONS. 


I, 

A Right lined figure is faid to be infcribed in a right lined ^^^] 
figure, when every one of the angles of the infcribed fi- ^ 
gurc touches every one of the fides of the figure wherein 
it is infcribed. 

II. 
A right lined figure is faid to be defcribed about a right lined fi- 
gure, when every one of the fides of the circumfcribed figure 
touches each of the angles of the right lined figure. 

III. 
A right lined figure is infcribed in a circk when each of the 
angles of the infcribed figure touches the circ\imference of 
the circle. 

A right lined figure is defcribed about a circle when each of 
the fides of the circumfcribed figure touches the circumfe- 
rence of the circle. 

V. 

A circle is infcribed in a right lined figure, when the circum- 
ference of the ..circle touches all the fides of the figure in 
which it is infcribed. 

VI. 

A circle is defcribed about a right lined figure when the cir* 
$;umference of the circle touches all the angles of the figure. 

m A 
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A right line is applied in a circle when its extremes arc in thd . 
circumference of the circle. 


PROP. I. P R O B. 

nn^ apply a right line in a circle f equal to a given right line, not 
greater than the diameter of the circle* 

It is required to apply a right line in the circle AJBC, equal 
to a given right line D^ not greater than the diameter of the 
circle. 

Draw the diameter BC; if equal to D, what was required is 
done ; if not, the diameter BC is greater than D ; put CE equal 
to D * ; about the center C, with the diftance CE, defcribc the 
circle AEF; then CA is equal to CE ; but CE is equal to D; 
therefore CA is equal to D. Wherefore, there is drawn, 
&c* 


«>ii 


is?; 3* 


p Ro p. n; PRO B. 

'tN a given circle ^ to infer ibe a triangle equiangular to a given^ 
* triangle. 

It is required to inscribe a triangle, in a given circle ABC, 
equiangular ti6 a given triangle DEF: Draw the right line 
GAH, touching the circle in the point A * ; with the right line 
- AH, at the point A, make the angle HAC equal to the angle 
% 3J3, I. DEF ^ and the angle GAB equal to DFE ; join BC. 

Then the angle HAC is equal to the angle ABC ^ ; but the 
angle HAC is equal to DEF j therefore, ABC is equal to DEF: 
And BAG is equal to ACB <=; but BAG is equal to DFE 5 
therefore ACB, is equal to DFE; therefore the remaining third 
<i Cor. 3». angles BAC, EDF ^ are equal; therefore the triangle ABC, is 
»• inicribed in the circle ABC, and equiangular to the triangle 

DEF, which was required* Wherefore, 3cc. 


<3** 3* 


PRO?, 
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PR O P. IIlA P ROB, K,jy^^ 

B UT a given circle^ td defcribe a triangle equiangular 
to a triangle given. 


It IS required to defcribe a triangle about the given circle 
ABC equiangular to the given triangle DEF ; produce the fide 
EF both ways to G, H ; find the center of the circle K, and 
draw KB any how 5 at the point K, with the right line KB, make 
the angles BKA, BKC, equal to the angles DEG, DFH%« as-'* 
each to each ; at the points A, B, 0, draw the right lines 
LAM, MBN, LCN, tangents to the circle, in the points 
A, B, C\ b itf. J. 

Then the angles that LM, MN, LN, make with the right 
Jines KA, KB, KC, are right angles*^; therefore the angles ^ *'• 3- 
AKB, AMB, are equal to two right angles ^, and equal to ^ 3». i. 
-DEF, DEG«j, but BKA was made equal to DEG; therefore « «3. i. 
the remainder DEF is equal to AMB ^ For the fame reafon ^ ^*- ^* '* 
DF£ is equal to LNM, and the reniaining angle Mf^iN equal 
to EDF ; wherefore the triangles LMN, DEF, are equiarigular. 
Which was required. 


PRO P, IV. P R O B. 

^ JL in/bribe a circle in a given triangle* > 

It is required to infcribe a circle in the given triangle ABC* 
Bifea the angles ABC, ACB, by the right lines BD, DC S ■^' '' 
; meeting each other in the point D ; from which let'^fall DF,"- 
DE, DG, perpendiculars, upon the right lines AS, BC, AC ^. ^ "* '• 
Then, becaufe the two angles DFB, DBF, in the triangle 
I DBF, arc equal to the two angles DEB, ^l&E, in the triangle 
i DBE, and the fide DB common to both j the remaining fide^ 
' BE, ED, are equal to BF, FD, each to each ^ For the fame « »«. r* 
reafon DF is equal to DG ; therefore D is the center, and with - 
, any of the diftances the circle EFG^ may be infcribed in the gi- ^ ^* > 
ven triangle ABC : Which was required. 

P R O P. V. P R O B. 

O defcribe a circle about agiven triungle^ ^ 

1 




a 10. I. 
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JBookIV. It JS required to defcribe a circle about the triangle ABC. 

Bifef): the fides AB, AC, in the points D, E '; from whicfaf 
draw DF, FE, at right angles to AB, AC, which will meet one 
another, either within the triangle, upon one of the fides BC|Or 
without the triangle, in the point F. 

In either cafe, becaufe AD is equal to DB, and DF commoffj 
the two fides ADjDF, are equal to BD,DF; and the angle BDF 
to ADF^^ therefore the bafe BF is equal to the bafe AF ^'•a J"©! 
the fame reafon AF is equal to FC : Therefore, if, "wroi the 
center F, and either of the diftances AF, FB, or FC, a circle 
is defcribed, it will touch all the angles of the triangle^: WhicS 
d Uef. 6. was required. 


b xz. I. 
c 4. X. 


T 


P R O P. VI. PRO B. 


infcribe a fqiiare in a given circle. 


a IX* z. 


It is required to infcribe a fquare in the given cii*cle ABC. 
Draw the diameters BD and AC at right angles to, aiidbi* 
feaing each other in E ; join BA, AD, DC, CB j then ADCfi 
is a fquare. 

For the two fides BE, EA, are equal to DE, EA*, and the 

b 4. 1. angle BEA to AED *; therefore the bafe B A is equal to AD ". 

For the fame reafon AD is equal to DC, and DC to CB ; 

therefore the four fides are equal : But the angle BAD is a 

right angle <^; therefore ADC, DCB, ABC, are each right 

c 3»» 3- angles ^-^ therefore the figure is a fquare^ : Which was requi- 

ddcf.50. i.red. ' f 


T 


PRO P, VIL P R O B. 

defcribe a fquare about a given circle. 


It is required to defcribe a fqusrre about the circle ABCI^. 
Draw the two diameters AC, BD, of t{ie circle, cutting each 
a XI. I. other at right angles"; and through the points AjBjC, D,; 
draw FG, GH, HK, KF, tangents to the circle ABCD. 

For, becaufe the angles GAE, AEB, are right angles**, GF 

IS parallel to BD ^. For the fame reafon HK is parallel to BD ; 

d 3o« I- therefore GF is parallel to HK^. For the fame reafon, GH is 

parai 
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parallel to FK ; therefore GHKF is a parallelogram ; but GF, Book IV, 
BD, are equals and Hkewife BD equal to HK; therefore GFL^VV^ 
is equal to HK f. For the fame reafon, GH is equal to FK ; for^ 3v ». 
each is equal to AC ; but AC is equal to BD ; therefore GH fs ^ ^*- » • '• 
equal to GF ; therefore the four fides are equal ; but the angles 
at G, F, are right ones; for each is equal to GAE, or FAE *» ;b ie, $# 
therefore all the 'angles are right ones; therefore GHKF is a 
fquare, .defcribed about the circle ABCD : Which was Jo be 
done. 


T 


PROP. VIII. P R O B. 


infcribe a circle in a given fquare. 




It is required to infcribe a circle in the fquare ABCD. 
Bifeft the fides AB, AD, in the points E, F*; through E a lo. i; 
draw EH parallel to AB *>, and through F draw FK parallel to^ 3»' «• 
AD or BC *»; then AE, FG, are equal to one another^ and<^ 34* i* j 

^ Hkewife ED, GK ; but AE is eq^ual to ED * ; therefore FG is 
equal to GK ; but AF is equal to AE ^; therefore EG is equal d Ax. 7. r; 
to FG, and FB to GH *^; therefore GE, GF, GH, GK, are e- 

I qual ; therefore if, with the center G, and either of thefe di- 
ftances, a circle is defcribed, it will touch the fquare in the 

^ points E, F, H, K ; foi^ if not, let it cut the fquare, then a . 
right line drawn at right angles to the diameter of a cifcle will 
fall within the circle; which cannot be ^; therefore the circle c i(J. 3, 
EFHK is infcribed in the fquare ABCD: Which was re* 
(juired. • 


f 


T 


P R O P. IX- PRO B. 


defer ibe a circle about a given fquare* 


It is required to defcribe a circle atout the given fquare 
ABCD. 

Join AC, BD,- mutually cutting each other in the point E. 

For, becaufe AB is equal to AD, and AC common, the twq 
iid.e^ $A, AC, are equal* to the two fides DA, AC^ and th^ 
bafe BC equal to' DC ; therefore the angle B AC is equal to 
pAC*; therefore the angle BAD is bifeiled by the right line a 8. tj 
j^Q. For the fame reafo^ the angle ADC is Jbife£led by the 

fight 
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Book IV. right line DB ; but the angles BAD, ADC, DCB, ABC*' 
^...^VNi^ are equal, therefore their halfs are equal. Again, becaufe BA 
b4^.i. is equal to AD, and A£ common, and the angle BAE to 

DAE, the bafe BE is equal to ED. For the fame reafon, AE 
, is equal to EC : Therefore the right lines AC, BD, are bifeft- 

cd in E ; but the two fides AD, DC, are equal to DC, CB*; 

and the angle ADC to DCB^; therefore the bafe AC is equal 
c 4- «• to BD*^ ; therefore their halfs are equal : Therefore, if, with the 

center E, and diftance AE, a circle is defcribed, it will pafs 

through the points A, B,C,I),of the fquare : Which was re» 
, * quired. Wherefore, &c. 


P R O P. X. P R O B. 

TT make an ifofceles triangle^ having each of the angles at the 
•^ ha/e double to the other angles 

Cut any given right line AB in the point C, fo that the rcc- 
t II. »• tangle under AB, BC, be equal to the fquare of AC *; about the 

center A, and diftance AB, defcribe the circle BDE ; in which 
b i: apply the right line BD equal to ACS' and join DA, DC; 

then the triangle ADB is the ifofceles triangle ; having each of 

the angles at the bafe BD double the angle at A. 
c 5. Eor, defcribe a circle ACD about the triangle ADC ^. 

Th^n, becaufe the redangle under AB, BC, is equal to 

the fquare of AC, and BD is equal to AC, the rec* 

tangle under AB, BC, is e^ual to the fquare of BD ; therefore 
d jy, 3, BD is a .tangent to the circle AGD^- therefore the angle 
c 3». 3. CDB is equal to the angle in the alternate fegment CAD*^. To 

each add the angle CD A ; then the whole angle ADB, or its 
^ 5. I- equal ABD ^ is equal to the two angles CAD, CDA \ but the 

angle BCD^ is likewife equal to the angles CDA, CAD '; 
g Ax. I, I. therefore the angle BCD is equal to CBD^; therefore CO is 
h <J. I. equal to BD ^ 5 but BD is equal to C A j therefore CDi|E!A,* 

are equal*',, therefore the angle CAD is equal to CDA^^ but 

CAD, CDA, are double CAD ; therefore 4$D or ADB are 

each double BAD : Which was required* 


^ 

,*.. 


P R O p. XI. P R O B. 

To infer ibe an equilateral and equiangular fentagon in a given 


circle* 


^ 


\ 


i 
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It 18 required to mfcribe an equilateral and equiangular pen- B^'okIV, 
tagon in the given circle ABCDE. L^yv^ 

Make an ifofceles triangle FGH, having each of the angles 
at the bafe GH double the other angle F •; infcribe the triangle * *<*• 
ADC in the circle ABCDE, equiangular to the triangle FGH>»i ^ »• 
then each of the angles ACD, ADC, are double the angle at A; 
bifea the angles ACD, ADC «, by the right lines CE, DB ; ^ ^- 3- 
join AB, BC, DE, EA ; then ABCDE is the cquiUteral and 
equiangular pentagon required. 

For, becaufe the angles ACD, ADC, arc bife£led by the right 
lines CE, DB, the five angles DAC, ADB, BDC, DC£, 
£C A, ate equal; therefore the five circumferences AB, BC, 
CD, DE, AE, arc equal **; and the right lines AB, BC, CD, ^ *^' 3^ 
DE, AE, equal to one another *; the figure is therefore equila- * *fl* '' 
teral ; but it is alfo equiangular ; for the circumference AB is 
equal to DE*. Add the circumference BCD to both, then the 
whole circumference ABCD is equal to the whole circumfe- 
rence EDCB ; therefore the angle AED is eqiul to the angle 
BAEf. For the fame reafon, the other anglS ABC, BCD, f »7. j. 
CDS, are equal to BAE, or AED ; wherefore the pentagon 
ABCDE is equilateral, and likewifc equiangular. Which was 
fequired. 


PROP. xn. P R O B. 

'T' de/criie an equilateral and equiangular pentagon about a 


[•". 1 


given circle 


\ 


It is required to defcribe an equilateral and equiangular pen* 
tagon about the given circle ABCDE.. 

Let the points A, B, C, D, Ei be the angular points of an 
equilateral and equiangular pentagon infcribed in the circle ; 
then the circumferences AB, BC, CD, DE, E A, are equal ; 
-draw the right lines GH, HK, KL, LM, MG, tangents to 
the circle in the above points*. From F, the center of the« 17* j. 
circle, draw to the fame points the right lines FB, FC, FD, and 
join FK, FL ; then, becanfc FB, FC, FD^^ arc at right angles 
toHK, KL, LM*>, the fquarep of FB> BK, are equal to thebi is. 3. 
fquare of FK *^j, and the ftjuares of FC, CK, equal to the fquare c 47. x; 
of FK, and therefore equal to each other**; but the fquares of d Ax. 1. 1* 
BF, FC S are equal ; which being taken from both, the fquare « ^«^« «*• ''- 
of BK is equal to the fquairc of KC j that is, BK equal to KC. For 
the fame reafon^ CL is equal ^to LD ; and becaufe BF, FK, are 

equal 
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Book IV. equal to CF, FK, and the bafe BK equal to KC, the angfe 
V,/W^ BFK is equal to CFK f. For the fame reafon, CFL is equal » 
f 8. I. LFD ; but the whble angle BFC is equal to the whole an^ 
h Ax. 7! 1. CFD « ; therefore the angle KFC is equal to the angle CFL»»^ 
i 4. I. and the bafe KC to CL i; but KC is equal to BK ; therefore 

HK is equal to KL. For the fame reafon j KL is equal to LM; 

therefore the figure is equilateral. 

It is likewife equiangular ; for the angles B and C are eacb 

right ones ; and the two angles BFC, BKC, equal to two right 
k Cor, 7. angles ^» For the fame reafon, CFD, CLD, are equ^l to two 
?*• '• light angles ; but the angles CFD, CFB, are equal j therefore 

CLD, BKC, are likewife equal. For the fame reafon, the 

whole angle at L is equal to the angle at M ; therefore the fi-^ 

gure is equiangular ; atid likewife proved equilateral. Where* 

fore, &c. 


PROP. XHL P R O B. 

np^ infcribe a circle in a given equilateral and equiangular \ 
•*• pentagon^ 

It is required to infcribe a circle in tbe equilateral and equi« 
angular pentagon ABCDE. 

• 10. f. , Bifeft the fides BC, CD, DE, in the points H, K, L'i 
from which draw the right lines HF, KF, LF, at right angles 

^ »■• '• to BC, CD, DE ^\ from the point F, where the right hnes 
HF, KF, interfea each other, draw FC, FD, FE 5 then, be- 
caufe the angles FHC, FKC, are right angles, the fquare of 

c 47. »• FC is equal to the fquares of FH, HCS and likewife to the ^ 
fquares of FK, KC ; therefore the fquares of FH, HC, are e? 

a Ax, 1. 1, quai to the fquares of FKj KC **, Take the equal fquare of HC, 
CK, from both, there remains the fquare of HF equal to the 
fquare ofFK; that is, HF equal FK; therefore HF,FC, aree- 
qual to FC, FK, and the bafe HC to CK ; therefore the angle 

« «• '• HFC is equal to KFC ^; but the angles FHC, FKC, are right 
ones ; therefore the remaining angle HCF is equal to KCF ; 
therefore the angle BCD js bifeded by the right line FC. For 
the f^me reafon, FK is equal to FL, and jthe angle CDE l^ifefled 
byFD; jherefore, be;;^ufe FH, FK, FL, are equal, if, with 
the center F, and either qf thefe diflances, a circle isdefcribed, 
it will touch the fides of the pentagon in the points G, H, R 
L, M ; wherefore the circle GHKLM is infcribed in the equik" ' 
teral apd cq^ia^gular pentagon ABCPE:. Which was re^ 
quired. ^- I 

CorJ 


f 
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Cor. If. two of the neareft fides of an equilateral and equian- Book v9i^ 



pjizr figure be bifefted, arid from the point where thefe lines 
i^xt each other, there be lines drawn to all the angles of the fi- 
gtire> thefe lines will bifeft all the angles of the figure. 


mrO p. XIV. P R O B. 

^T^O defcribe a circle about a given equilateral and equiangular 
"*■ pentagon. 

It is required to defcribe a circle about the equilateral and e- 
quiangular pentagon ABCDE. 

Bifeft the right lines AB, BC *, in the points H and G ; a «o. x* 
from which draw the right lines HF, GF, interfering each o- 
"ther in the point F, and at right angles, to AB,BC ^ \ from the b n. i. 

Sint F draw the right lines BF, FA, FE, FD, FC, they will 
feft the angles at A, B, C, D, E *^. Then, becaufe AB is e- c cor.ij. 
;equal to AE, and AF comipon, and the angle B AF equal to 
lAF, the bafeBF will be equal to EF**. For the fame reafon,d 4. i- 
IF is equal to FC % therefore, if, with the center F, and diftance 
j&, E, or C, a circle is defcribed, it will pafs through the points 
A, B, C, D, £, of the equilateral and equiangular pentagon : 
Which was required. 


P R O P. 3^V. P R O B. 

nn^ infcribe an equilateral and equidngular hexagon in a given 
^ circle* 

It IS I'^quired to infcribe the equilateral and equiangular hex- 
agon in the given circle ABCDEF. 

JDraw AD a diameter to the circle ABCDEF, whofe center i* 
G 5 with the point D as a center, and diftance DG, defcribe a 
circle EGCH ; join EG, GC ; which produce to the points 
B, F; join AB, BC, CD, DE, JF, FA; then ABCDEF is 
an equilateral and equiangular hexagon. 

For, fince G is the center of |the circle ABCDEF, GC is c- 
|ual' to GD ; and fince D is the center of the circle CGEH,» <lcfiM, 
rD 18 equal to DC ; therefore CGD is an equilateral triangle *>jb i. x* 
lut it is like wife equiangular*^. For the fame reafon, GDE isc cor. 5. i. 
\xi equilateral and equijahgular triangle, and equal to the 

triangle 
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Book IV. triangle CGD; and, bccaufc BG, GA, arc equal to DG, Gilt 

V^/^rX^ and the angle BGA to DGE <>, the bafc AB is equal to DE. 

d x5. !• For the fame reafon, AF is equal to CD i but CD is equal to 
DE ; therefore AB is equal to AF. Again, becaufe CG falls 

« '3- «• upon BE, the angles CGB, CGE, are equal to two right angles^} 
but CGD, DGE, are each one third of two right angles f; 

f cor. 3». 1. therefore CGB is likewife one third of two right angles; 
therefore BG, GC, are equal to CG, GF, and the angle BGC 
equal to the angle CGD ; |:herefore the bafe BC is eq^»al to CD; 
but likewife BG, GC, are equal to FG, G£, and the angle ^ 
BGC to FGE d; therefore the bafe BC is equal to FE ; tut BC is 
proved equal to CD, and CD to DE ; therefore the fix fides 
fee, CD, DE, EF; FA, AB, are equal; therefore the figure 
is equilateral; it is likewife equiangular; for the two angles 
GDC, GDE, are equal to the two angles GCD, GCB ; for 
each is one third of two right angles f; therefore the whole angle 
BCD, is equal to the whole CDE. For the fame reafon, all the 
other angles are equal to one another ; therefore the figure is 
likewife equiangular. Wherefore, &c. 

Cor* Hence the fide of a hexagon is equal to the fenii-dia« 
meter of the circle. And, if through the points A, B, C, iJ, E^ 
F, tangents to the circle, bedrawn, an equilateral and equiangu- 
lar hexagon will be defcribed about the circle, as may be proved 
in the fame manner as the pentagon: And fo likewife a circle 
may be infcribed and defcribed about a given hexagon. 


PROP. XVI. PR O B. 

>, 

nro injcribe an equilateral and equiangular quindecagon in a 
^ given circle. 

It is required to infcribe an equilateral and equiangular quin- 
decagon in the given circle ABCD. 

Let AC be the fide of an equilateral and equiangular triangle 
i u. infcribed in the circle*, and AB the fide of an equilateral and 
k II. equiangular pentagon «», drawn from the point A ; then, if the 
circle is divided into fifteen parts, the fide of the triangle AG 
will fubtend five of them, and the fide of the pentagon AB will 
fttbtend three ; therefore BC will be two of laid parts; therefore 
Wfea BC in E ; BE or CE wiU be one fifteenth part of the cir- 

cum- 




^ 

^ 
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eumferehce; if BC, CE, &b. be joined, the equilateral and Book IV. 
eqHii angular quindctagon will be infcribed : Which was requi- 
ted. 

Cor. If, from what has been faid of the pentagon, right 
lines be drawn through the divifions of the circle, tangents to 
the fame^ an equilateral and equiangular quindecagon will be 
defcribed about the circle ; or a circle may be infcribed or de« 
icribed about the quindecagon. 
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Book V. 


DEFINITIONS. 


I. 


AP AR T IS a magnitude of a magnitude ; the lefs of the? 
greater, when the lefs me^fures the greater. 

II. 

A multiple IS a magnitude of a magnitude ; the greater of the' 
lefs> when the lefs meafures the greater 

HI. 

Ratio is a certain mutual habitude of magnitudes of the Uamc 
' \ kind, according to quantity. 

IV. 

Magnitudes have proportion to each other ; which^being muW-^ 
plied, can exceed one another. 

V. _ 

-Magnitudes have the fame ratio to eacH other, viz. the firft to;., 
the fecond, and third to the fourth, when there are taken any^ 
equimultiples of the firft and third, and likewife any equi- . 
multiples of the fecond and fourth ; if the multiple of the firft 
be equal to the multiple of the fecond,^' then the multiple of 
thie third ^ill be equal to the mu ltiple of thefourth; if greater^ 
greater ; and| if lefs, lefs. 

VI. 
Magnitudes which have the fame proportionlB? called Propor- 
tionals* 

VH 
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Vn. BookV. 

When, of equimultiples, the multiple of the firft exceeds the 
multiple of the feco»d, but the multiple of the third cjocs not 
-exceed the multiple of the fourth ; the firft to the fecond is 
I faid to have a greater r^tio than the third to the fourth. 

VIII. 

\ Analogy is a fimilitude of proportions. 
■: IX. 

Analogy, at leaft, confifts of three terms* 

X. 
When three magnitudes are proportionals, the firft has to the 
third a duplicate ratio of what it has to the fecond. 

XL 

• When four magnitudes are proportional, the firft has to the 

fourth a triplicate ratio of what it has to the fecond ; and 
always one more in order as the proportionals (hall be extend- 
ed* 

XII. 

' homologous magnitudes, or magnitudes of a like ratio, are fuch 
whofe antecedents are to the antecedents and confequents to. 
the coofequents in the fame ratio. 

XIH. 

* Alternate ratio is the comparing the antecedent with the ante- 
. cedent, and confequent with the confequent* 

' Jnverfe ratio is, when the confequent is taken as the antecedent, 
and compared with the antecedent as a confequent. 

XV. ' ■ 

I Compounded rajtlo is, when the antecedent and confequent, ta^ 
\ ken as one, are compared with the, confequent itfclf. 
I XVI. 

: Divided ratio is, when the excefs, by which the antecedent ex- 
ceeds the confequent, is compared with the confequent. 
I XVII. . 

Convcrfe ratio is, when the antecedent is compared with the ex- 
cefs Ijy which the antecedent exceeds the confequent. 

XVIIL 
Jlatio of equality is when there are taken more than two mag^ 
nitudes in one order, and a like number of magnitudes in ano* 
ther order, comparing two to two, being in the fame ratio ; 
it fliall be in fhe firft order of niagnitudes, as the firft is to the 
laft ; fo, in the fecond order of magnitudes, is the firft to the - 
laft. ^ 

XIX. 

Drdinate proportion is, the ratio being, as in the laft, as the an^ 

. (cp^d^nt is to the confequent^ in th^ firft ocder ot magnitudes; 
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Book V. ^^ ^^ ^^^ antecedent to the confequent In the fecond order of 
, magnitudes ; and as the confequent is to any other, fo is the 
confequent to any other. 

XX. 
Perturbate proportion is, when there arc three or more magni- 
tudes, and others equal to them in number, taken two and 
two in the fame ratio ; in the firft order of magnitudes, as the 
antecedent is to the confequent ; fo, in the fecond order of 
magnitudes, is the antecedent to the confequent ; and, as in 
the firft order, the confequent is to fome other, fo, in the fe- 
cond order, is fome other to the antecedent. 


A X 10 MS. 

I. 

EQUIMULTIPLES of the fame, or of equal magni- 
tudes, are equal to each other. 
n. 

Thefe magnitudes that have the fama equimultiples, or whofe 
equimultiples are equal, are equal tocjich other. 


I 


P R O P. I. T H E O R. 

F there be any number of magnitudes y equimulitples^ of a like 
number of magnitudes^ each ^ of each ^ txjhatever multiple anys 
one of the former magnitudes is of its correfpondent one, the fame- 
multiple are all the former magnitudes of all the latter. 

Let AB, CD, be magnitudes, equimultiples of E, F, "\fhate- 
ver multiple AB is of E, and CD of T, the fame multiple 
J^&y CD, together, is of E, F, together. 

For, let the magnitudes in AB, equal to E, Ije AG, GB \ and 
the magnitudes in CD, equal to F, be CH, fiD; then AG, CH, 
are equal to E, F ; and BG, HD, likewife equal to E, F 5 therc-^ 
fore, as often as AB contains E, and CD, F, fo often AB, CD, 
contain? E, F : Wherefore, if there are, &c. 

P R Q p. n. T H E O R. 

IF the firft he the fame multiple ofthefecondy as the third is qfm 
the fourth; and if the fifth he the fame inultiple of the fecond^ 1 
that the fixth is of the fourth ; then fhall the firfiy add.ed to the 
fifths he the fame multiple of the fecond^ that the third^ added to the i 
ftxthy is of the fourths 


OP E U C I. I U. <J9 

Let the firft AB be the fame multiple of the fecond C,, that Book Y, 
the third DE is of the fourth F ; and let the fifth BG be the 
fame multiple of the fecond C, that the fixth EH is of the 
fourth F 5 then AG will be the fame multiple of C that DH is 
ofF. 

For, becaufe AB is the fame multiple of C that DE is of F, • 
there are as many magnitudes in AB equal to C, as in DE, e- 
qual to F. For the fame reafon, there are as many magnitudes 
in BG equal to C, as there are ir^ EH, equal to F ; therefore 
there are as many magnitudes in AG equal to C, as there arc in 
DH equal to F *. Wherefore, &c, a. i. 


^ PROP. III. T H E O R. 

x 

ff 

/ 

TF thejirft he the fame multiple of the fecond^ that the third fs of 
■*■ t/?^ fourth^ And there be taken equimultiples of thb flrfi and 
third, then will the magnitudes fo taken he equimultiples of the^ 
fecond and fourth. 

Let the firft A be the fame multiple of the fecond B that the ' 
third C is of the fourth D • and let EF, GH, be equimultiples / t 

of A, C ^hen EF is the fame multiple of B, that GH is of D. 
For, let the magnitudes inEF, equal to A, be,FK, KE ; and the 
magnitudes in GH, equal to C, be HL, LG ; then there are as 
many magnitudes equal to B in FE, as there are magnitudes 
equal to D in GH*; wherefore FE is the fame multiple of B,* *' 
that GH is of D. Wherefore, &c. 


P R O P- IV, T H E O R. 

'TB the firft have the fame ratio tctfjejecondthat thethir^ has ta , 
•*■ the fourth, thenjhall alfo the equimultiples of the firft have the 
fame ratio to the equimultiple of the fecond that the equimultiple of 
the third has to that of the fourth. 

Let there be four magnitudes, A, B, C, D, fuch, that A is to 
B as C to D. Let E, F, be taken the fame multiples of A, C ; 
and G, H, the fame multiples of B, D ; then E is to G as F 
is to H. For, take K, L, any equimultiples of E, F, and 
M, N,. any equimultiples of G,H J then K is the fame mul- 
tiple of A that L is of C *. For the fame reafon, M is the a 
fame multiple of B'that N is of D ■; but, becaufe A is to B as 
£ is to Pj if K be equal to JM; L will be equal to N 5 if great- 

* " * "' "^ • • * \ ' er| 
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Po©,« V. cr, greater, and, if lefs, lefs ; but K, L, arc equimultiples of 
\-/"VV^ E, F, and M, N, of G, H ; wherefore E is to G as F is to 
^deU 5' II b. byt It is proved, that, if K be equal to M, L is equal to 
N 5 but, if K ia equal to M, M is equal to K, and N to L ; if 
greater, greater, and, if lefs, lefs ; wherefore G is to E as H is 
to F. Wherefore, if four magnitudes be proportional, they 
will alfo be inverfely proportional. Wherefore, &c» 

\ 

P R O P. V, T H E O R. 

IF one magnitude he the fame multiple of another magnitude^ 
that a part taken from the one is (fd part taken from the other j 
then the rcftdue of the onefhall he the fame multiple of the refidu^ 
of the other that the whole is of the whole. 

Let AB be the fame multiple of CD, that a part taken away 
AE is of a part taken away CF ; then the refidue EB (hall be 
the fame multiple of the refidue FU, that the whole AB is of 
the whole CD. 

For, let BE be the fame multiple of CG that AE i3 of CF ; 
then, bccaufe AE is the fame multiple of CF that BE is of CG, 

III AEwill be the fame multiple of CF that AB isof GF*; but 

AE is the fame multiple of CF that AB is of CD, and AB is 
the fame multiple of GF that it is of CD •, therefore GF is c^ 

\t Ax. %. qual to CD *»; take CF, which is common, from both, there re- 
mains GC equal to FD 5 therefore AE ^s the fame multiply 
pf CF that EB is of FD, Wherefore, &c. 

PROP, VI. T H E O R. 

IF two magnitudes be equimultiples of two magnitudes ^ andfome 
magnitudes i equimultiples qf the fame yhe taken away^ the refidue 
/hall either be equal to thefe magnitudes or equimultiple^ ^fthem. 

For, firft, let GB be equal to E ; if HD is not equal to F, le^ 
KC be equal to F 5 then AB is the fame multiple of E that KH 

> »? is of F 'i but AB,*,CB, are put equimultiples ot E, F ; therefore 

HK is the fame multiple of F that CD is of F ; therefore KH is 

% A»; H equal to CD ^. Take CH, which is common, from both, therq 
remains KC equal to HD; but KC was put equal to F ; there- 
fore HD is equal to F \ after the fame manner it may be dc« 
monftrated that, if GB is any equimultiple of E, HD W^Jl b^ 
^e likc^ equimultiple of F. Where|bre, 9c€i 

PR Pj 
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PROP. VIL T H £ O R. Book V- 

E^UJL magnitudes have the fame proportion to the fame 
magnitude^ and one and the fame magnitude has the fame 
proportion to equal magnitudes. « 

Let A, B, be two equal magnitudes, and C any third mag- 
hitttde, then A, B, will have the fame proportion to C. For,- 
let D^ E, be any equimultiples of A, B, and F any equimultiple 
^of C J then, if D is equal to F, E is likewife equal to F; if 
greater, greater ; and, if lefs, lefs ; therefore A is to C as B is to 
C*. Again, C is to A as C is tcF B ; for, the fame conftruftion re- * <^f« ^ 
maining, if F is equal to D, it is likewife equal to E 5 wherefore 
C is to B as C is to A. Wherefore, &c. 

PROP. VIII. T H ]^ O R. 


■ ^ HE greater ofiixjo unequal magnitude^ has a greater propor* 
i •*■ tion to fome third magnitude than the lefs haSy and that third 
I magnitude has a greater proportion to the leffer magnitude than it 
has to the greater. 

Let AB, C, Ije two unequal magnitudes, of which AB i* 
I the greater J and let \) be any third magnitude ; then AB will 
' hare a greater proportion to D than C has to D 5 but D has a 
greater proportion to C than it has to AB. 

For, becaufe- AB is greater than C, make BE equal to C, 
. fcen AB .will exceed C by AE ; if AE is not greater than D, let . 
it be multiplied till it exceed D ; and let this multiple be FG ; 
kt GH be the fame multiple of EB that FG is of AE ; then FH 
I will be the fame multiple of AB that GH is of EB*; and make 1 r- 
iK the fame multiple of C that GH is of EB ; but EB is equal to 
jC; therefore K is equal to GH^5 wherefore FH is the fame ^ j^^ 
multiple of AB that K is of C. Now, of D let L be taken a ' ^^ 
,doublc, M triple, and fo on, till a multiple of 13 is found next 
Igreater than K, which let be N ; and let M be the next multiple 
iof D," lefs than N ; then M will not be greater than K, that is, 
K will not be le^i^a^rM.; but M and D are equal to N ; and . 
Ibecaufe FG exceeds D, and GH is equal to K, FH will bd 
:eater than Jf ; that is, FH, the multiple of AB, e'xceeds N, 
e jmultiple of D ; but K, the riiultiple of C, does not exceed N, 
fe JKioltipl^ jbf D5 therefore A9 has to D a' greater proportion j^^j^ 
an C has ti^ D *^ ; but likewiC^'D has to C a greater proportion 
an it has to AB ; for, the' fame conftruftion remaining, N, 
e multiple of &, exceeds K, the multiple of C ; but does not 
exceed FH^ the multiple of Afi, Wherefore, &c. 

PROP. 
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"Alf^ AG NITU DES which have the fame proportion to one 
^^ and the fame magnitude are equal to one another: and if a 
magnitude has the fame proportion ■ to other magnitudes^ thefe 
magnitudes are equal to one anothtT* 

Let the magnitudes A, B, have the feme proportion, to C^ 
then A is equal to B. If not^ let A be greater or lefs than B ; 
if greater, then A has a greater proportion to C than B has to 
C*5 but it has not ; therefore Ais-not greater than B ; if lefs, 
then B has a greater proportion fo C than it has to C ; but it 
has not ^; therefore A is not lefs than B ; andj fince neither 
greater nor lefs, it mud be equal. 

Again, if C have the fame proportion to A that it has to 
B, A is equal to B ; If not, C wi|l have a greater proportion to 
the lefTer magnitude, than it has to the greater*; but it has not ; 
therefore A is not greater than B, or B is not greater than A ; 
therefore A is equal to B. Wherefore, &c. 

P R O P. X. T H E O R. 

OF magnitudes having proportion to the fame magnitude^ 
that which has the greater proportion to fome third is the 
greater magnitude ; and that magnitude to which the fame has a 
greater proportion is the iejfer magnitude. 

Of the magnitudes A, B, if A have a greater proportion 
to a third magnitude C, than B has to C, A is greater than 
B; for, if not, it will be either equal or lefs. If A is equal to 
B, then they would have the fame proportion to C ■; but they 
have not ; therefore A is not equal to B ; neither is it ,lefs; 
for then B would have a greater proportion to C than it has to 
C ^\ but it has not : Therefore, Cnce A is neither equal nor lefs 
than B, it muft be greater/ 

Again, if C have a greater proportion to B than it has to A, 
then B is lefs than A ; if not, let it be equal or greater ; if e* 
qua], then C has the fame proportion to B that it has to A ^; 
but it has not -, therefore B is not equal to A. If greater, then 
C will have a greater proportion to A than it has to B ; but it 
has not ; therefore, fince B is not equal or greater than A, it 
muft be lefs. Wherefore, &c. 


PROP. 
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PROP. XI. T H E O B. 

RO PORTIONS that are the fame to any third, are the fame 
to one another. 


IiCt A be to B, as C is to D, and C to D as E to F j then A 
will be to B as E to t. 

For, let G, H, K, be any equimultiples of A, C, E ^ and L^ . 
M, N, any other equimultiples of B, D, F ; now, becaufe A is 
to B as C is to D ( and G, H are equimultiples of A, C ; and 
L, M any other equimultiples of B, D ; if G is equal to L, H 
will be equal to M *; if greater, greater ; and, if lefs, lefs : Like- i Bef, 5. 
wife, becaufe C is to D as E is to F; if H be equal to M, K 
l¥ill be equal to N*; if greater, greater} and, if lefs,lefSk Where* 
fore, if G be equal to L, K will be equal to N5 for they are c- 
qual to H, M** ; wherefore A is to B as E to F*. Where- b Ax. 1. 1. 
fore, &c* 


t> R O t>. XII. t H E O R. 

IF any number of magnitudes be proportional, as one qfihe an' 
tecedents is to one of the confequents, fo are all the antece* 
dents to all the cmfequents. 

» 

Let the magnitudes be A, B, C, D, E, F } and, as A is to IB^ 
ib is C to D, and E to F ; then as A is to B, fo are A, C, E, 
all the antecedents, to B, D, F, all the confequents. For, let 
let G, H, K be equimultiples of A, C, E ; and L, M, N be a- 
ny other equimultiples of B, D, F ; then, becaufe A is to B as 
C is to D, and C to D as £ to F, and G, H, K equimultiples 
of A, C, E, and L, M, N any other equimultiples of B, D, F; 
if G be equal to L, H will be equal to M, and K to N* ; if a Dcf, 5; 
greater, greater \ and, if lefs, lefs ; wherefore) if G be equal to 
L 5 G, H, K, will be equal to L, M, Ni if greater, greater; 
and, if lefs, lefs ^ ; but G; G, H, K, are equimultiples of A; A, b x* 
C, E, together; and L; L, M, N, equimultiples of B; B, D^ 
F, tpgether ; fuch, that, if G be equal to L ; G, H, K will be 
equal to L, M, N, together ; wherefore A, C, £, together, are 
to B, D, F, together, as A is to B% Wherefore, &c. 

K PROP. 
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PROP. xnr. T H E O R. 




L' l»ef. 5. 


IF thejirft is in the fame proportion to the fecond^ as the third 
to the fourth ; arid if the third has a greater proportion to 
the fourth f than the fifth to thefixth ; then fhall alfo thejirji have 
a greater proportion to the fecondy than the fifth to thefixth. 

Let the firft A -fcave th^ fame proportion to the fecond B, 
that the third C has to the fourth D ; but let the third C have a 
greater proportion to the fourth D, than the fifth E to the fixth 
F ; then the firft A will have a greater proportion to the fecond 
B^ than the fifth E has to the fixth F. 

For, becaufe C has a greater proportion to D, then E toF; 
let G, H be equimultiples of C, £ ; and K, L equimultiples 
of D, F ; fuch, that, if G exceeds K, but H does not exceed L'; 
and let M be the fame multiple of A that G is of C; and N the 
fame multiple of B that K is of D ; then, becaufe G exceeds K, 
M will exceed N** ; but G exceeds K, and H does not exceed 
L ; and M exceeds N, and H does not exceed L ; and IVJ, H 
are equimultiples of A, E ; and N, L, of B, F ; wherefore A 
has a greater prc^oitioti to B, than E has to F*. Wherefore, &c. 


b 13, 

C 10. 


PROP. XIV. T H E O R. 

TF thefirfl has the fame proportion to the fecond^ that the third 
"*• has to the fourth ; if the firft be greater than the third, tht 
fecond will be greater than the fourth ; but^ if the firft be equal to 
the thirds the fecond will be equal tc the fourth ; if the firft is lefs 
than the third y the fecond will bg lefs than the fourth. 

Let the firft A have the fame pi-oportion to the fecond B, that 
the third C has tt> the 'fourth D j if A is greater than C, then 
B is greater than D. 

For, if A is greater than C, afld B any third magnitude, A 
has a greater proportion to B than C has to B * 5 but A is to B 
as C is to D ; therefore C has to D a greater proportion than 
C has to B * 5 therefore D i« lefs than B ^j that is, B is greater 
tfian D, In the fame manner it is proved, that, if A is equal to 
C> B is e^id to D ; and> if Itii, lefs. Wherefore^ &c« 


r 
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PROP. XV. T H E O R. 

AftTS have the fame proportion as their like multiples^ if 
taken correfpondentlyp 


Let AB be the fame multiple of C that DE is of F j then C 
will be to F as AB is to DE. 

For, let AG, GH, HB be each equal to C ; and i)K, KL, 
LE, each equal to Fj then AG< GH, HB are equal toone *• 
nether* j and likewife DK» KL, LE equal to one another j a Ax. 1. 1, 
thcrffore AG is to DK as GH is to KL| and as HB is to LE *>; b n. 
> therefore AB is to DE as AG h to DK*" j that is, as C to c i%. 


F/i Wherefore, .&c. 


PROP- XVL T H E O R. 

F four magnitudes of the fame kind are proportional^ theyfball 
alfo he alternately proportional. 


I 

Let the four magnitudes A, B, C, D, be proportional, viz. as 
! A is to B, fo is C to D ; they •will likewife be proportional 
I when taken alternately jJ%at is, as A is to C, fo is B to D ; for, 
iake E, F equimultiple&^f A, B j and G, H ^ny equimultiples * 

of C and D ; then, becaufe E is the fame multiple of A that F 
is of B, and G the fame multiple of C that H is of D, A is to 
B as E is toF* ; but A is to B, as C is to D ; therefore C is to a 15. 
iD as E is to F *> ; and as C i^ to D, fo is G to H ^ j therefore b n. 
;E is to F as G is to H ^ J therefore, fince E, F, G, H are four 
niagnitudes proportional, equimultiples of other four. A, B, C, 
D ; therefore, if E is equal to G, F is equal to H ; if greater, 
greater ; and, if Icft^ lefs ^ \ wherefore A is to C as B is to D ^5 c 14. 
Wherefore, &c, «i i^^f- 5. 


\ 


PROP. XVn. THE OR. 

F magnitudes compounded are proportional^ they fhalt" alfo he 
froportignal vihen dividj^d*. 

' ' * Let 


a I 
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f^i^^^i Let the compounded magnitudes AB, BE, CD, DF, be pKH 
portional; that is, let Ab be to BE as CD is to DF;thcfe 
magnitudes (hall be proportional when divided j that is, AE 
(hall be to EB as CF is to FD. 

For, take GH, HK, LM, MN, equimultiples of AE, EB, CF, 
FD, and KX NP, apy equimultiples of EB, FD ; now, bo» 
caufe GH is the fame multiple of AE that HK is of EB; an| 
GH the fame multiple of AE that LM is of CF ; and LM the 
fame multiple of CF that MN is of FD ; therefore GJ^ is the 
fame multiple of AB that GH is of AE '. But GH is the fame 
multiple of AE that LM is of CF ; therefore GK is the fame 

b II. multiple of AB that LM is of CF. ^ Bu^ LM is the fame mul- 

tiple of CF, that MN is of FD ; therefore LN is the fame mul- 
tiple of CD, that LM is of CF» 5 therefore GK is the ferae 
multiple of AB, that LN i^of CD^. But HK, MN, are the 
fame multiples of EB, FD; and KX, NP any other e- 
quimultiples of EB, FD ; wherefore HX is the fame mn^plc 

d ». of EB that MP is of FD \ But GK, LN are equimultiples of 

AB, CD ; and XH, MP, any other equimultiples of EB, FD ; if 
GK be equal to HX, LN will be equal to MP ; take HK, MN, 
from both ; then, if GH be equal to KX, LM wjll be equal to 
NP; if greater, greater ; and, if lefs, lefs ; wherefore AE is to 

cDcf.5. |;B as 9F is to FD ^ Wherefore, &c. 


P R O P. XVUL T H E O R* 

TF magnitudes divided Se proportional, they Jhalt alfo be proper* 
"■• tional when compounded. 

Let AE, EB, CF, FD, be the divided magnitudes, viz. as 
AE is to EB, fo i§ CF to FD ; they ihall likewife be proporti- 
onal whep compounded, viz. as AB is to BE, fo is CD to DF; 
if not, let AB be to l^E as C.D is to Ibr^e magnitude, either 
greater or lefs than FD ; fir(l, to a lefs, as DQ, viz. AB to BE, 
a 17. as CD to DG ; therefore AE is to feB as CG is to GD * 3 but 

b Hyp. AE is to EB as CF is to FD »> . therefore CG is to GD as CF 
c II. is to FD ^ ; but CG is greater than CF ; therefore DG is great: 

, ^ er than FD<*; but it is alfo lefs, which is impoflible ; there- 

fore AB is not to BE aa CD to DG. In the fanae manner it is 
proved, that AB is not to BE as CD to one greater than DF; . 
therefore AB is to BE as CD is to DF. Wherefore, &c. ^ 


t 
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Book V, 

PROP. XIX- T H E O R. 

JF the whole be fa the whole ^ as apart taken from the one is to a 
■*• party taken from the other ^ thenfball the rejidue of the one ke 
to the rejidue of the other^ as the whole is to the whole; and if four 
magnitudes be proportional^ they (hall be c(^nverfely proportionaL 

Let the whole AB he to the whole CD, as a part taken away 
AE, is to the part taken away CF •, then the reiidue EB is to 
the refidue FD as the whole AB is to the whole CD ; for alter- 
nately as AB is to AE, fo is CD to CF * ; then BE is to AE as * »<J- 
DF is to FC b . and BE is to DF, as AE to CF • ; but as AE is ^ »7. 
to CF, fo is AB to CD <^ ; therefore EB is to the refidue FD as <^ Hyp. 
the whole AB is to the whole CD ^ : Again, if AB be to BE as d n. 
CD to DF, then they fhall be converfely proportional ; for AE 
: is to BE as CF is to FD ^ ; and BE is to AE as DF is to CF f ; f coV. 4. 
therefore as AB is to AE, fo is CD to DF « ; therefore the firft g 18. ' 
AB is to AE, its excefs above the fecond, as CD, the third, is 
toDF, its excefs above the fourth \ Wherefore, &c, ^ I>cf. 17, 


P R O P. XX. T H E O R. 

♦ 
I 

IF there he three magnitudes ^ and others equaf to them in num^ 
ber, which being taken two and two in each order ^ are in th^ 
\ fame ratio ; and if the firft magnitude be equal to the third, then 
the fourth will be equal to the fixth ; andyif the firfi be greater 
than the thirds then the fourth, will be greater than thefixth; and^ 
if the fir ft be lefs than the thirds then the fourth will be lefs than 
thefixth. 

Let A, B, C be three magnitudes, and D, E, F, others equal 
to them in number ; which being two in two in each order, are 
in the fame proportion, viz. A to B as D to E, and B to C as E 

I to F 5 and if the firft A be equal to the third C, then the fourth 
D (hall be equal to the fixth F ; if greater, greater ; and, if lefs, 
lefs \ for if A is equal to C, and B fome other magnitude, A 
ha3 the fame proportion to B that C hath to B * ; but A is to B a 7. 
as D is to E ^ ; therefore D hath the fame proportion to E that h Hyp* \ 

A has to B ; but B is to C as £ to F ; and, inverfely, C is to ., 

I p ^s F isto £ \ therefore F has to £ the fame proportion that C ^ 


J 
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Book V. has to B ; but A has the fame proportion to B that C has to B j 
V^YXi^ therefore D has the fame proportion to E that F has to E ; 
c p. therefore D is equal to F ^ 5 if greater, greater ; and, if lefs, lefs. 

Wherefore, &c. 


PROP. XXI. T H E O R. 

TF there he three magnitudes ^ and others equal to them in num- 
■*■ ^er^ ivhichj taken two and two in each order ^ are in the fame 
ratio ; andy if the proportion be perturbate ; if thejirft magnitude 
he greater than the thirds then the fourth will be greater than 
the fixth ; and if the fir fl be equal to the third, then the fourth 
will be equal to the fixth ; if lefs ^ lefs* 

Let the three magnitudes A, B, C, and others D, E, F, equal 
to them in number, be taken two and two in the fame ratio, 
and if their analogy be perturbate, viz. as A is to B, fo is £ 
to F, and B to C as D to £ ; and if the firft A be greater 
than the third Ca then the fourth D will be greater than the 
Axth F ; if equal, equal ; and, if lefs, lefs. 

For, if A is greater than C, A has a greater ratio to B than 

^ •• C has to B ■ ; but A is to B as E is to F ; therefore E has to F 

a greater ratio than C hath to B ; and inverfely as C is to B^ 
fo is E to D ; therefore £ has to F a greater ratio ^han E to D. 
But that magnitude to which the fame has a greater ratio, is the 

* '*' leffer magnitude *» ; therefore F is lefs than D ; that is, D is 

greater than F ; if equal, equal ; and, if lefs, lefs. Wherefore, 


PROP. XXIL T H £ O R. 

IF there be any number of magnitudes y and others equal to them in 
number, whick, taken twaandtwo, are in the fame ratio i then 
they (hall be in the fame proportion by equality • 

Let there be any number of magnitudes A, B, C, and others, 
D)£» F, equal to tbem in number, which, taken two and two 
in the fame ratio, viz. A to B as D to £, and B to C as £ to 
F ; then they fliall be in tbe[fame proportion by equality \ that 
is, A to C, as D to F. 

For^ let G, H be equimultiples A, D, and K, L any equi^ 
imultiplcs of By £| and M; N anjr equimultiples^ of C> F ^ then, 

tecajif$ 


.' O F E U C L I D. 

m. 

becaUfe A is to B as D to E, G is to K as H is to L ■; but B is Book V. 
to C as E is to F ; therefore K is to M as L to N *•, wherefore, \^ 
if G is e<]ual to M^, H will be equal to N ; if greater, greater; a 4. 
and, if lefs, lefs; but G, M are equimultiples of A, C and H, ^ *<*• 
N of D, F ; -wherefore A is to C as D to F^. Wherefore, ic. ^ D«f. s. 


PROP. XXIIL T H E O R. 

TF there he thr^e magnitudes^ and/fiiers equal t6 th^m in number, 
"■• luhich^ taken two and two ^ are in the fame ratio; and if their 
analogy be perturbatej theyfbail be in the fame proportion by eqiia- 
iity. 

Let there be three magnitudes A, B, C, and others D, E, F, 
equal to them in number, which, taten two and two, are in the 
fame ratio ; and if their analogy be perturbate, that is, as A is 
to B, fo is E to F, and as B is to C, fo is D to E ; then they 
fliall be in the fame proportion by equsdity ; that is, A is to C 
asDtoF. 

For, let G, H, Lbe equimultiples of A, B, D ; and K, M, 
• N, any equimultiples of C, E, F 5 then as A is to B,fo is G to 
H* ; and as E to F, fo is M to N ; but A is to B as E is to F ; » ^s\; 
therefore G is to H as M to N '^ ; and, becaufe B is' to C as D b xt- 
to E, H is to K as L to M ; therefore, if G is equal to K, L is e- 
qual to N*^ ; but G, K are equimultiples of A, C ; and L, N c *i. 
of D, F ; therefore A is to C * as D to F. Wherefore, &c. d Dcf. $• 

PROP. XXIV; T H E O R. 

TF thejirft magnitude has the fame proportion to the fecond that 

, ^ the third has to the fourth ; and if the fifth has the fame pro^ 

portion to the fecond that thefixth has to the fourth; then thefirfl^ 

compounded with the fifth ifhall have the fame proportion to thefe^ 

; condi that the thirdycompounded'with the fixthy has to the fourth. 

Let the firft magnitude AB, have the fame proportion to the 
fecond C, that the third DE has to the fourth F, and the fifth 
BG have the fame proportion to the fecond C, that the fixth 
EH has to the fourth F. 

For, becaufe BG is to C as EH is to F ; inverfely, C is to 
BG, as F is to EH ; but AB is to C as DE is to F ; therefore 
AB is to BGS as DE is to EH ; and AG is to GB as DH is to a %%i 
; HE *> ; but as GB is to C, fo is EH to F ^^ 5 therefore AG is to ^ *»• 
LCasDHistoFS Wherefore, &c. ^ ^^p- 

} PRO P- 


Book V. 

PROP. XXV. T H E O R. 

TFfour mamitud^s be proportionaJy the great eji and leaji nvill ii 
■■■ greater than tie other two. 

Let four magnitudes AB, CD, E, F, be proportional, viz. AB 
to CD as £ to F ; of which let AB be the greateft, and F the 
leaft ; then AB and F together, will be greater than CD and E; 
£or, cut off AG equal to £, and CH to F $ then AB is to CD ad 
AG is to CH $ therefore the remainder BG, will be to the re- 
» 'i^' mainder DH, as the whole AB is to the whole DC * ; but AB 
is greater than CD ^ therefore GB is greater than HD ; and, 
becaufe AG is equal to E, and CH to F, then AG and F arc 
equal to CH and E ; but BG is greater than HD ; therefore 
AB and F are greater than DC and £• Wherefore, &c. 
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DEFINITIONS. 

1. 

Similar right-lined figures arc fuch as have each of their fe-BooK VL 
Teral angles equal to one another, and the fides about the equs 
angles proportional to each other. 

Figures arc reciprocally proportional to each other^ when &e 
antecedent and confequent terms of the ratio are in each figure* 

III. 
A right line is cut into extreme and mean ratio, when the 
whole is to the greater fegment as the greater fegment is to the 
Icffer. 

IV. 
The altitude of any figure, is a line drawn from the vertex 
perpendicular to the bafe« 

V. 
Ratio is faid to be compounded of ratios, when the ratio of 
the firft term to the lad is produced from the quantities qf the 
ratios of the intermediate terms, either by multiplication, 4ivi- 
iioo; or both. 
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T 


P R O p. I. T H E O R. 

Rl ANGLES and parallelograms that have the fame aJtituk^ 
are to each other a* their bafes* 


Let the triangles ABC, A CD, and the parallelograms EBj 
FD have the fame altitude, they are to one another as their ba- 
fes ; viz. as BC to CD ; for, produce BC both ways to H, M 
take BG, GH each equal to BC ; and DK, KL, LM cad 
equal to CD ; and join AG» AH, AK, AL, AMjj 
then the triangles ABC, ABG, AGH are equal to cm 
^ ^8- I- another*; and ACD, ADK, AKL, ALM equal to o»( 
another * ; theti, becaufe HC is taken any multiple of BC, 
and CM any other multiple of CD, the triangle AHC is thqj 
fame multiple of the triimgle ABC that HC is of BC ; and th( 
trinngle CAM the fame multiple of CAD that CM is of CD 
If HC be equal to CM, the triangle AHC will be equal to th^ 
triangle ACM; ifgreater, greater ; andiflefs,lcfs; therefor eABf 
b Dcf. i. s. is to ACD as BC is to CD ^ ; but the parallelogram EB is douU^ 
c 4«' »• the triangle ABC% andFD double ACD ; therefore the paralf 
lelogram EB is to the parallelogram DF, as the triangle ABC i( 
d l^ %. to the triangle ACD**; therefore the parallelograms EB, DI 
* "'' ^' are to each other as their bafcs BC, CD *. Wherefore, &c. 


PROP. II. T H E O R. 

IF a right line be draivn parallel to one 9f the fides of a triangle^ 
it will cut the other (ides proportionally ; and if a line cut tm^ 
two fides of a triangle proportionally^ that right linefhall be pc 
jtallel to the other fide of the triangle^ 


b 7. ^ 

c I. 

4 II. 5. 


f 39. I* 


Let DEbc drawn parallel toBC, one fide of the triangle AB( 
then AD will be-to DB as AE is to EC ; for join DC, BE, theji 
tJie triangles BDE, DEC are equal ■ ; and ADE is fomc oth( 
triangle ; therefore BDE is to ADE as DEC is to ADE ^ : Bi 
BDE is to ADE as BD is to AD ^ ; and DEC is to ADE 
EC id to AE^ ; therefore BD is to DA as CE is to EA ^ ; anil 
if BD is to DA as CE is to E A, then DE is parallel to BC. 

• For the fame conftru£tion remains : As BD is to DA, fo 
BDE to ADE ^ ; and CE is to E A as DEC is to ADE ; then 
fore the triangle BDE is to the triangle ADE as DEC is 
ADE«* ; therefore the triangles BDE, CDE are equal * ; then 
foic D£ is parallel to BC f . Wierefore, &c. 

P R Q PJ 
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Book VI. 
PROP. III. T H E O R. 

XFone angle of a triangle be bife^led by a right line^ivhich lilte- 
wife cuts the oppojite Jide^ then the fegments of that fide wiil 
have the fame proportion to one another that the other fides of the 
triangle have: And if the fegments of that fide have the fame 
proportion to one another that the other fides of the triangle have^ 
then aright line, drawn from the point (ffedfion to the vertex, will 
hifeft the pppofite angle. 

Let there be a triangle ABC, and let one of its angles, as 
BAC, be bifefted by the right line AD ; then, as BD is to DC, 
fo is BA tp AC ; for through C draw CE parallel to AD*, a 31. i. 
and produce BA till it meet CE in the point E ; then, becaufe 
AC falls on the parallels DA, CE, the angle DAC is equal to 
the angle ACE ^ : But the angle BAD is equal to CAD <^ ; b ap. i. 
therefore the angle BAD is equal to ACE "^ : Bat BAD is equal ^ "^P* 
to AEC *> J therefore AEC is equal to ACE <* ; therefore AE is a ax. i. i. 
equal to AC ^ : But BD is to DC as BA is to AE f ; that is, to e 6. x. 
AC 5 and if BD is to Dt as BA is to AC, then the right line ^ *' 
DA bifeas the angle BAC. 

For the fame conftrudtion remains ; BD is to DC as BA is 
to AC* ; and BD is to DC as BA is to AE f j therefore BA is 
to AC as BA is to AE « ; therefore AE is equal to AC ^ ; there- s "• s* 
fore the angles ACE, AEC are equal » : But ACE is equal to |^ ^* ^• 
DAC^; therefore the angle AEC is equal to DAC^ : But * ^' '* 
AEC is equal toBAD** ; therefore BAD is equal to DAC^^ ; 
therefore the angle BAC is bifdtled by the right Hue AD. 
Wherefore, 8zc. 


P R O P. IV. T H E O R. 

THE fides about the equal angles of equiangular triangles 
are proportional; and the fides fubtending the equal angles 
^ are homologous , or of like ratio. 

Let the two equiangular triangles be ABC, DCE, viz. the 
angle ACB equal to the angle DEC; BAC to CDE ; and ABlC 
to DCE ; then the fides that are about the equal angles are pro- 
portional, and the fides fubtending the equal an^Jes homo^pr 
gous, or of like ratio. 

Let 


J 
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Book VI. Let the fides BC, CE be placed in the fame right liac ; then, 

^•YX^ becaufe the two angles ABC, ACB are lefs than two right 

* 17. I. angles*, and the angles ACB, DEC are equal, the angles 

ABC, DEC are lefs than two right ones : The right lines AB, 

b Cor. 17. DE being produced, will meet *> in fome point ; which let be 1\ 

I. then, becaufe the angle DCE is equal to ABC, DC is parallel !• 

c xs, I. AB *= : But the angle BAC is equal to CDE ^ j and BAC te 

^ «yp- ' ACD « i therefore the angles CDE, ACD are equal ; therefore 

f xf: I: E^ '» parallel to AC f ; therefore ACDF is a parallelomm, 

and FD is equal to AC, and AF to DC « ; and, becaufe AC h 

1 1* '* parallel to FE, B A is to AF as BC is to CE >» : Alter. BA is to 

BC as AF or CD is to CE. Again, becaufe »» BC is to CE as 

FD or AC is to DE, alter. BC is to AC as CE to ED : But AB 

18 to BC as CD to CE; and BC to AC as CE to ED ; therefore 

i tz. 5. AB is to AC as CD to DE K Wherefore, &c. 


PROP. V. and VI. T H E O R. 

'^ TF the fides 0/ two triangles are proportionalj or if one angle cf 
•* the one be equal to one angle of the other ^ and the fides about 
the equal angles proportional^ the triangles will be equiangular^ 
and the angles which the homologous fides fubtend will be /• 
quaU 

Let there be two triangles ABC, t)EF, having their fides pro- 
portional; viz. AB to BC as DE to £F ; and as BC is to CA,fo 
is EF to FD ; and as BA to AC, fo is ED to DF ; or, if the 
angle BAC is equal to the angle EDF, and BA to AC as 
ED to DF; then the triangles ABC, EDF are equiangular, and 
the angle ABC equal to DEF ; BC A to EFD, and BAC to 
* EDF ; that is, the angles which the homologous fides fub- 
tend are equal. 

Firft, Let the triangles ABC, . DEF have their fides propor- 
tional (fig. I.) ; at the points E, F, with the right line EF; make 
the angle FEG equal to the angle ABC *; andEFG to ACB ; then 
the remaining angles EGF, BAC will be equal *> ; and becaufe 
h Cor. 3»- ^i,e t^o triangles ABC, EFG ai^e equiangular, A^ is to BC as 
c*^ GE to EF *= : But as AB is to BC fo is DE to EF «» ; therefore- 

a Hyp. DE is to EF as GE is to EF « ; therefore DE is equal to Gfcf ; 
c 11. s. fQj. ^i^g {^Ytit reafon FG is equal to FD f, and EF is common ; 
*' *' therefore the triangles DEF, GEF are equaM; and the rcniain- 
B •• «• ing angles of the one equal to the remaining angles of the othcr^ 
each to each : But the triangle EGF is Equiangular to the tri- 
angle ABC ; therefore DEF is likewife equiangular to ABC. 

Secondly! 
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Secondly, Let the angle BAC be equal to the angle EDF, Book VI. 
(fig. 2.) and B A to AC as ED to DF ; at the point D, with the <^y^U 
right line DF, make the angle FDG equal to the angle EDF, or 
BaC ; and the angle DFG equal to the angle ACB •, then the 
remaining angles at G, B, are equal ^; becaufe B A is to AC as h ^^* 3*- «• 
ED to DF ; and lifcewife, as GD is to DF ; therefore DG is 
equal to DE ^ For the fame reafon EF is equal to FG ; and ^ ^* ** 
the triangles DEF, DFG, equiangular ; but DFG is equiangu- 
lar to ABC j therefore DEF is likewifc equiangular to ABC. 
Wherefore, &c. 


P R O P. VII. T H E O R. 

f 

TF there are ttvo triangles^ having one arigle of the one equal 
•■" to one angle of the other ^ and the fides about a fecond angle ,of 
the one proportional to thefi(fes about the correfpondent angle of 
the other y and the remainimg third angles^ either both lefs^ or both 
not lefs than right angles : then the triangles will be equi^ngvlar^ 
and have thefe angles equal, about which the Jides are piQpor- 
tionaL 

I Let the two triangles ABC, DEF, have an angle BAC in 
I in the one equal to the angle EDF in the other ; and the fides 
about the angles ABC, DEF, proportional, viz. AB to BC, 
as DE to EF; and the other angles at C, F, either both leis,or 
both not lefs than right angles ; then the triangles ABC, DEF, 
are equiangular ; the angle ABC equal to DEF, and ACB to 
DFE. 

For, if the angle ABC be not equal to the angle DEF, let 
one of them, as ABC, be the greater, and make the angle 
ABG equal to the angle DEF *; then the remaining angles a ij. i. 
AGB, DFE^, are equal, and the fides about the equal angles bcor^ia,. i. 
proportional ^, viz. AB to BO as DE to EF ; but AB is to BC c 4. 
as DE to EF; therefore AB is toBG as AB is toBC*«; there- ^ xi. 5. 
fore BG is equal to BC % and the angle BCG to BGC f ; there- « 9. 5. 
fore BGC, BCG, are each lefs than a right angle ; therefore ^ ^ '• 
DFE 18 lefs than a right angle »; but BGA, BGC, are e- s Hyp. 
qual to two right angles^, and BGC is proved lefs than a right ^ li^^g^ 
angle ; therefore BGA is greater than a right angle ; therefore 
I DFE is likewife greater than a right angle ^, and lefs ; which 
is itnpof&ble ; therefore ABG is not equal to DEF ; nor can any 
Iftjgle but ABC be equal to DEF. Wherefore, &c. 
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^^"^^^^ PROP. Vm. T H E O R. 

TF aperpiendicu/ar be drawn in a right angled triangle y frm 
•■' the right angle to the bafe^ then the triangles on each fide oftk 
perpendicular will befimilar to the whole ^ and to one another. 

Let ABC be a right angled triangle ; and from the point A 
of the right angk BAC, let fall the right line AD perpendicular 
to the bafe BC ; then the triangles ABD, ADC, are fimilarto 
ABCj and to one another. 

For the right angles BAC, ADB, are equal ; and the angle 
at B common to the two triangles ABC, ABD ; therefore the 
m cor. 3», remaining third angles C and BAD are equal *; therefore BC is 
^ '^ to B A as BA is to BD *». Again, bccaufe the right angles 

BAC, ADC, are equal, and C common to both, the remain- 
ing third angles B, DAC, are equal*; therefore BC is to AC 
as AC is to DC**; they are likewife fimilar to one another ; for 
the angles ADC, ADB, are each right angles, and the angle 
C equal to BAD, and B to DAC -, therefore BD is to AD as 
AD is to DC; therefore the triangles ADB, ADC, are fimi* 
c Def. I. ]^|. to the whole ^, and to one another. Wherefore, &c. 

CoR. Hence, in a right angled triangle, if a perpendicular 
is let fall from the right angle to the bafe, that perpendicular is 
a mean proportional to the fcgments of the bafe ; and each of the 
fides containing the right angle is a mean proportional to tht 
whole bafe, and that fegm^nt next to the fide. 


T 


PROP. IX. P R O B. 


cut off any part required from a given right line* 


Let AB be a given right line, it is required to cut off any 
part of it, as one third. 

From the point A draw any right line AC, making any. 
angle with the line AB ; affume ariy point D in the line AC ; 
a 3* *• and make DE, EC, each equal AD *; join BC ; and through 
b 3». I- D draw DF parallel to BC «>. 

Then, becaufe FD is parallel to BC, a fide of the triangle 
P- »• ABC, AF is to FB as AO is tq DC <=; but AD is one third part 

of AC ; therefore AF is one third part of AB ; which was re- 
quired. Wherefore, &c, 
• • PROP. 
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Book VI, 

p R o P. X. P R O B. vynrv.^ 

To divide a given undivided right line^ as another right line is 
divided. 

Let the given undivided right line be AB, and the divided 
line AC, it is required to divide AB as AC is divided. 

Let AC be any how divided in the points D, E 5 and making 
any angle v^ith AB ; join BC ; and through the points D, E, 
draw DF, EG*, parallel to BC ; and through D draw DHK» 3i. x. 

parallel to AB. 

Then, becaufe FH, HB, are parallelograms, their oppofite 
fides are equal ^5 and, becaufe FD is parallel to GE, AF is to^ 3^ ,^ 
FG as AD is to DE ^. Again, becaufe HE is parallel to BC, c ». 
DH is to HK as DE is to EC ^5 but DH is equal to FG ; and 
and HK to GB •, therefore DE is to EC as FG is to GB ; but 
AD is to DE as AF is to FG ; wherefore the given undivided 
line AB is cut in the fame proportion as AC : Which was re- 
quired. 


T 


P R P. XL PRO B. 

IV right lines being given j to find a third proportionaL 


Let AB, AC, be two given right lines, making any angle 
with each other, it is required to find a third proportional to 

them. 

Produce AB, AC, to the points D, E; make BD equal to 
AC*; join the points B, C ; through 1) draw DE parallel to a %, i. 
BC ^j then AB is to BD as AC is to CE*'; but BD is equal to ' 3«.>- 
AC 5 therefore AB is to AC as AC is to CE. Wherefore, &c. 


c 1* 


T 


PROP. XIL P R O B. 


HREE right lines given, to find a fourth proportimaU 


Let A, B, C, be the three given right lines, it is required 

to find a fourth proportional to thcmt 

Let 


^ 
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Book VL Let DE, EF, be two right lines, making any angle EDF 
with each other ; make DG equal to A •; GE equal to B ; 
and DH equal to C. Join GH ; and through E draw EF paral- 
lel to GH «>; then DG is to GE as DH is to HF% therefore H^ 
is -the fourth proportional required. 


a 3. I. 
b 31. ,. 

c H. 


a II. !• 

b 31. 3. 

c 8. 


PROP. xra. P R O B. 


T 


Ofinda mean proportional to two given right lines. 


Let the two given right lines AB, BC, be placed in one right 
line, as AC; upon which defcribe a femicircle ADC; at thepoinr^ 
B, draw BD at right.angles to AC % join AD, DC ; then BD 
is the mean proportional required. 

For, becaufe the angle ADC is a right angle ^, AB is to 31 
as BD is to BC^; therefore BD is a mean proportional to the*] 
given right lines AB, BC : Which was to be done. 


PROP. XIV. and XV. T H E O R. 


a 7* S* 
b 1. 

c II. 5< 


4 p. 5' 


E^VAL parallelograms and triangles^ having one angle of- 
the one equal to one angle of the ot her j have the fides about 
the equal angles reciprocally proportional ; and theje parallelograms 
and triangles that have, one angle of the one equal to one angle of 
the other ^ and the fides about the equal angles reciprocally propor^ ' ) 
tianaly are equals viz. the parallelogram to the parallelogram^ and 
4riangle to the triangle. 

Let AB, BC, be equal parallelograms, and FBD, EBG, c- 
Ijyal triangles, having the angles at B equal ; and let the fides 
DB, BE, be in one right line, and FB, BG, in another ; then 
the iides DB, BE, and GB, BF, that are about the equal 
angles at B, are reciprocally proportional, that is, DB is to 
BE as GB to BF. 

Let the equal parallelograms be AB, BC, and compleat the 
parallelogram EF ; then, as the parallelogram AB is to EF, fo 
is BC to FE»; but, as AB is to FE, fo is the bafe DB to^BE^r 
and, as BC is to FE, fo is GB to BF * j therefore DB is to BE 
as BC is to FE S 

And, if DB is to BE as BG is to BF ; then the parallelogram* 
AB is equal to BC ; for, as DB is to BE, fo is AB to FE «>; 
and, as GB is to BF, fo is BC to FE ; therefore AB is to FE 
as BC is to FE ^5 therefore AB is equal to BC ^. 

Sc- 


\ 
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Secondly, IctFD, EG, be joined ; then FDB, EBG, arc the c- Book VI. 
qual triangles, and FBE is any third magnitude ; therefore FDB \^y^J 
IS to FBE as EBG is to FBE ; but the triangle FDB is to FBE 
as DBisto BE»>. and EBG is to FBE'as GB is toBF^ ;b 1, 
therefore DB is to BE as GB is to BF ^ en. 5. 

And, if DB is to BE as GB is to BF, the triangle FDB is 

equal to EBG : For, as DB is to BE, fo is the triangle FDB 

to FBE ; and, as GB is to BF, fo is the triangle EBG to FBE j 

^ therefore FDB is to FBE as EBG is to FBE j therefore the 

[triangle FDB is equal to EBG** : Wherefore equal parallelo- d p. s- 

, ^rams and triangles, &Cf 


PR O P. XVL T H E O R. 

TF four right lines are proportional ^ the reEl angle contained un' 
* der the extremes is equal to the rectangle under the means ; 
andj if the reElangle contained under the extremes he equal to the 

\ te^angle contained under the means ^ then the four right lines a,re 

\ troportionaL 

i Let the four right lines AB, CD, E, F, be pioportional, ^o. 

^ that AB be to CD as E is to F ; then the redangle under AB, 
F, is equal to the reftangle under CD, E : For, draw AG e- 
qual to F, and at right angles to AB*, and CH equal to E, * "• '• 
and at right angles to CD ; and compleat the reftangles GB, 

: JID : Then, becaufe AB is to CD as CH is to AG »», the rec- b 7. 5. 

t tangle BG is equal to HD % and if GB is equal to HD, AB is c 14. 
to CD as CH is to AG, that is, as E to F ; for the angles at C, 
A| are equal, being each right ones* Wherefore, &c. 


PROP, XVII. T H E O R. 

T F three right lines are proportional ^ the reB angle contained un- 
■ der the extremes is equal to the fquare of the mean ; andy if 
the reEf angle under the extremes be equal to the fquare of the mean, 
then the three right linfs are proportional. 

I* 
Let the three right lines A, B, C, be proportional, viz. as 

A is toB fo is B to C ; then the reftangle under A, C, is equal 

to the fquare of B : For, make D equal to B, and compleat 

the reftangles under A, C,. and B, D ; then, becaufe AC, 

^D, are two re£tangles, and A is to B as D is to C *, AC is a 7. t, 

equal to BD ^ 'y and> becaufe AC is equal to BD^ A is to B as 
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f^y\^ is to C ; but B is equal to D ; therefore the reftangle under • , 
' A, C, is equal to the fquare of B. Wherefore, &c. 


PROP. xvin. P R O B. 


u 


PON a given nght line to defcrihe a right lined figure ft" 
milar andjimilarly jituated to a right lined figure given* 


Let AB be the given right line, and CDEFG the right lined 
figure given \ it is required upon AB to defcribe a figure fimilar 
and limilarly fituated to CDEFG. Join DO, DF; andi at the 
points A, B, of the right line AB, make the angles BAH, 
a x3. 1. ABH, equal to the angles C and CDG *, each to each ; then 
1) cor. 31.1. ^[jg remaining angles AHB, CGD, will be equal *>, and the 
^ *• • fides about the equal angle proportional ^, that is, AB to BH 
as Ci) to DG; and AH to HB as CG to GD. Again, at the 
points H, B, ifrith the right line BH, make the angles BHK, 
HBK, equal toDGF, GDF, each to each ; then the remaining 
third angles HKB, GFD, are equal *>, and the triangles HKB, 
FDG, equiangular, and the fides about the equal angles propor- 
tional. Again, make the angles BKL, KBL, equal to the 
angles DFE, FDE, each to each ; then the remaining third angles ; 
at L, E, will be equal ^, and the fides about the equal angles 
proportional ^\ but all the triangles in the figure ABLKH are 
proved fimilar to all the triangles in the figure CDEFG; and, 
becaufe the angles AHB, BHK, are proved equal to the two 
angles CGD. DGF, each tp each, the whole angle AHK is e- 
qual to the angle CGF, and the fides about the equal angles 
proportional ; for AH is to HB as CG to GD ; and KH to HB 
as FG to GD ; therefore, by equality, AH is to HK as CG is 
to GF. For the fame reafon, HK is to KL as GF to FE \ 
and KL to LB as FE is to ED ; therefore the figure ABLKH is 
d dcf. I. fimilar to CDEFG ^. Wherefore, &c. 


PROP. XIX. T H E O R. 

OJMILAR triangles are to one another in the duplicate roti^ 
^ of their homologous fides* 

Let ABC, DEF, be Cmrlar triangles having the angles at 
B and E equal 5 and AE, to BC, as DE to EF, and BC the 
fide homologous to EF; then the triangle. ABC to the triangle 
DEF has a duplicate ratio that BC has to EF. 

For,. 
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For, take BG a third proportional to BC, EFS that is, BCBookVL 
to EF as EF to BG. Join AG ; then, becaufe AB is to BC L/^rO 
as DE to EF, alter, as AB is to DE fo is BC to EF 5 but BC » "• 
Is to EF as EF is to BG ; therefore AB is to DE as EF is to 
^G^; that is, ^he fides about the equal angles B, E, of the tri- b H. 5. 
angles DEF, ABG, are reciprocally proportional ; therefore e- 

Sual to one another^ 5 and, becaufe BC is to EF as EF is to c 14. 
G, BC has to BG a duplicate ratio of what it has to EF<^5ddcf.xo.5. 
and, as BC is to BG fo is the triangle ABC to the triangle 
ABG * i therefore the triangle ABC has to the triangle ABG a c i. 
duplicate ratio of what BC has to EF^j but the triangle ABG 
IS equal to DEF 5 therefore ABC is to DEF in the duplicate 
ratio of BC to EF. Wherefore fimilar triangles, &c. 

CoR. Hence, if three right lines be proportional, as the firft 
is to the third, fo is a triangle defcribed on the firft, to a fimilar 
one defcribed on the fecond. 


P R O P. XX. T H E O R. 

SIM I L AR polygons can be divided into an equal number of 
fimilar triangles^ each homologous to the 'whole ; and polygon is 
to po/ygon in the duplicate ratio of one homologous fde to the <?- 
tber. 

Let ABCDE, FGHKL, be fimilar polygons, and AB, FG, 
two homologous fides ; join BE, EC, GL, LH ; then the 
number of triangles in the polygon ABCDE, arc equal to the 
number of triangles in the polygon FGHKL, fimilar to one a- 
nother, and homologous to the whole ; and the polygon 
ABCDE will be to the polygon FGHKL in the duplicate ra- 
tio of the fide AB to FG. 

For, becaufe the polygon ABCDE is fimilar to FGHKL, 
the angle B AE is ^qual to GFL ; and B A is to AE as GF io 
FL» J and the angle ABE equal to FGL^; and AB to BE as* ♦• 
FG to GL 5 but the whole angle ABC is equal to FGH, auG a ' 
part ABE equal to FGL j therefore the remainder EBC is eqjgi 
to LGH, and EB toBC as LG is to GH 5 but the angl«? 40^ 
is equal to GHK 5 and a part BCE to a part GHL *>5 thet^ore . 
the remainder ECD is equal to LHK, a»d the fides about the , 
equal angles proportional. ', ' 

Now, becaufe the triangle ABE is equiangular to the triangle ' 
FGL, and the fides tibout the equal angles proportional, the 
two triangles are fitnilari ani^ire to one another in the duplicate 

^ ratzo 


\ 
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^^ilty^r2^\io of AB to FG % or of EB to LG 5 but EBC is likcwifc fi- 
^"^^^^^ milar to LGH, and are to one another in the duplicate ratio 
^^' of EB to LG, of of EC to LH ; and, for the fame reafoa, 
ECD is to LHK in the duplicate ratio of CE to LH j ' 
therefore the triangles in the polygon ABCDE are equal ill 
number to the triangles in the polygon FGHKL, and fimilar to 
one another ; therefore, becaufe the triangle ABE is to the 
triangle FGL in the duplicate ratio of BE to GL ; and the tri- i 
angle EBC to the triangle LGH, in the duplicate ratio of BE i 
to GL ; therefore the triangles ABE, EBC, are to FGL, 
d i<- 5. LGH, as EBC is to LGH ^. For the fame rcafon, EBC, ECD, 
are to LGH, LHK, as EBC is to LGH : Therefore all the an- 
tecedents ABE, EBC, ECD, are to all the confequents FGL, 
LHG,LHK, as ABE is to FGL ^5 that is, in the duplicate ra- 
tio of AB to FG^5 and polygon to polygon in the duplicate ra- 
tio of one homologous fide to another. Wherefore, &c. 

Cor. Hence, if three right lines are proportional, the poly- 
gon defcribcd on the firft is to the fimilar polygon defcribed on 
the fecond as the firft is tp the third ; for, if X be taken a third 
proportional to any two right lines, AB,' FG ; then AB is to X 
in a duplicate ratio of AB to FG ; that is, any fimilar figures 
defcribed on AB, FG, are to one another in the duplicate ratio 
of AB to FG- 


e 11. 5< 


F 


PROP* XXL T H E O R. 

I CURES that are fimilar to the ftime right lined Jigures 
are alfi fimilar to one another. 


Let each of the right lined figures A, B, be fimilar to the 
right lined figure C; then the right lined figure A will be fimi- 
lar to the right lined figure B, 

For, becaufe the right lined figure A is^fixnilar to C, it is e- 
adefi f. quiangular to it*; and the fides about the equal angles propor- 
tional. For the fame reafon, B is equiangular to C, and the 
\ . fides about the equal angles proportional \ therefore each of the 

figures A, B, are equiangular to C ; and therefore equiangular 
[ b as. 1. 1, ^o oi^c another^, and the fides about the equal angles proportion* 

c ti. s. ^1*> wherefore A is fimilar to Bi therefore, &c. 


PROP. 
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PROP. XXn. THE OR. Book VI. 


T T four right lines are proportional^ the right lined figures fimi" 
•*■ &r, and fimillirly defcribed upon them^ are proportional : and^if 
fimilar right lined figures fimilarly defcribed upon right lines be 
froporti$nali the right lines fl)all alfo be proportional. 

Let four right lines AB, CD, EF, GH, be proportional, 
viz. as AB is to CD fo is EF to GH ; on AB, CD, let the fi- 
milar figures KAB, LCD, be fimilarly defcribed *; and upon * »8, 
EF, GH, letMF, NH, be defcribed fimilar to one another; 
then KAB will be to LCD as MF is to NH. 

For, to AB, CD, take X a third proportional **, and O, a third b n. 
proportional to EF, GH. Now, bccaufe AB is to CD as EF is 
to GH, and CD is to'X as GH is to O, then AB is to X as EF 
is to O *=; but, as AB is to X, fo is the right lined figure KAfi c n. 5. 
to the fimilar figure LCD <*; and, as EF is to O, fo is MF to d cor. %Qi_ 
NH **j therefore, as the right lined figure KAB is to the fimilar 
figure LCD, fo is the right lined figure MF to the fimilar 
figure NH % and, if KAB is to LCD as MF is to NH, then c u. %i 
AB is to CD as EF is to GH. 

For, if hot, let AB be to CD as EF is to PR ^ ; upon PR dc- f 11. 
fcribc a figure SR fimilar to MF or NH ; then KAB is to LCD 
as MF is to SR, and as MF is to NH ; therefore SR,NH, have 
the fame proportion to MF ; therefore SR is equal to NH «, and s P* %• 
alfo fimilar to it; therefore PR is equal to GH; therefore AB 
is to CD as EF is to GH. Wherefore, &c. 




PROP. XXm. T H E O R. 

^JJ 1 ANGU L AR parallelograms have the proportion to 
one another that is compounded of their fides. 


Let AC, CF, be equiangular parallelograms, having the 
angle BCD equal to the angle ECG ; then the parallelogram 
AC, to the parallelogram CF, is in the proportion compounded 
of their fides, viz. of BC to CG, and DC to CE ; for, place 
BC in a right line with CG, and DC in a right line with 
CE/, and compleat the parallelogram DG; then, as BC is^ i4« x« 
to CG, fo let K be to L; and,.asf DC is to CE, fo let L be 
to M ^; but the ratio . of K to M is compounded of the ra- b 12. 
tios of K to L, and L to M ^; therefore the ratio of K to M is <^ ^^f. ;« 
that compounded of BC to CG, and DC to CE ; but BC is to 
CG.asAC is to DG <; and DC is to CE as DG is to C^Y^\^ »• 
but BC is to CO as K to Lj s^nd DC tg C£ sts L to M) therefore 

AC 


• 39> !• 
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P'^^^'-^Cis to CF as KtoM«; that is, as BC to CG, and DC t» 
^rfTV^CE. Wherefore, &c. 


PROP. XXIV. T H E O R. 

\ 

I 

TN every parallelogram the parallelograms that are about the di" , 
"*• ameter are fimilar to the ivhoUt and alfo to one another. 

In the parallelogram ABCD the parallelograms GE, KH, 
arc fimilar to the whole ABCD, and likewife to cue another. 
For, in the triangles ADC, AGF, the angle AGF is equal to 
the angle ADC% and the angle AFG to ACD*;iand the angle 
GAF common to both ; therefore the triangles AGF, ADC^ 
are equiangular. For the fame reafon, the triangles A£F, 
ACB, are equiangular, and the fides about the equiangles pro« 
portional *'. Again, in the triangles AGF, FKC, the angle 
^ 4»\ ,G AF is equal to the angle KFG % and AGF equal to FKC j 
for each are equal to the angle ADC *, and AFG to FCK ^ 
therefore the triangles AGF, FKC, are equiangular, and the 
fides about the equal angles proportional ^. For the fame rea- 
fon, A£F is equiangular to FCH \ and the fides about the equal . 
angles proportional. Then, becaufe the two angles KFC, HFC, ! 
are equal to the two angles GAF, E AF ; that is, the whole 
angle ICFH equal to the whole angle GAE, and the angle C 
common to both ; and the angles at K, H, equal to the angles 
at D, B, each to each 5 the parallelogram KH is equiangular to 
DB; for the fame reafon GE is equiangular to DBj therefore 
KH is equiangular to GE ; and the fides about the equal angles 
proportional : For, becaufe the angles GAE, KFH, are equal, 
GA is to AE as KF is to FH ; but KF is to FH as DA is to 
AB, for each are proportional to AF, FC ^. For the fame rea- 
fon, the fides about the other angles are likewife proportional ; 
therefore the parallelogram DB is fimilar to KH ; but GE is like- 
wife fimilar to KH \ therefore G£ is fimilar to DB. Where- 
fore, &c% 


PROP. XXV. P R O B. 

'T*^ defcribe a figure fimilar to a given right lined figure^ ande* 
•*• qua! to another given right lined figure. 

Let ABC and D, be two given right lined figures; it is required 

to defci:ibe a right lined figure fixmlar to ABC| and equal to Dt' 
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On the fide BC, of the given figure ABC, make a parallelo- b^qJ^ VI 
gram, BE, equal to it * 5 and on the fide CE make the paralle- v,/vX^ 
logram CM equal to the right lined figure D ^; and the angle 242.1. 
FCE equal to the angle CBL ^; then BC, CF, as alfo LE, EM, ^ 44. i- 
ivill be right lines*. Find GH a mean [proportional to BC, * *^' '• 
CF ^ ; and on GH defcribe the right lined figure KGH fimilar ^ '^' '• 
and alike fituateto ABC^; then, becaufe BC is to GH as GH ^ '3- 
is to CF ; and, as BC is to CF, fo is the right lined figure ABC * ^^' 
to the right lined figure KGH f ; but, as BC is to CF, fo is the 
parallelogram BE to EF«; therefore, as the right lined figure^ Cor. ao» 
ABC is to the right lined figure KGH, fo is the parallelogram ^ ^* 
BE to the parallelogram EF^j altern. as ABC is to BE, fo is . 
KGH to EF : But the right lined figure ABC is equal to the "* ** 
parallelogram BE ; therefore the right lined figure KGH is equal 
to the parallelogram FE*; but FE is equal to the right lined fi- . 
gure D ; therefore the right lined figure KGH is equal to D : * '^' ^' 
Which was required. 


PROP. XXVI- T H E O R. 

T F, in a parallelogram^ be conjlitute another parallelogram Jimi" 
^ lar to the whole, and alike Jituate, and having an angle com* 
THon with it^ theyjbatl be about the fame diameter. 

Let the parallelogram AF be conftitute in the parallelogram 
ABCD» fimilar to it, and alike fituate, having the angle DAB 
common to both ; then the parallelograms ABCD and AF are a- 
bout the fame diameter AC. 

For, if not, let AHC be the diameter of the parallelogram 
BD ; and produce GF to H ; draw HK parallel to AD or BC ; 
then, becaufe the parallelograms ABCD, KG, are about the 
fame diameter, they will be fimilar to one another *; and DA to 
AB as G A to KA *>; but, becaufe the parallelograms ABCfi, * !?* 
G£, are likewife fimilar % DA is to AB as GAis to AE ; '" 

therefore, as GA is to AE fo is G A to AK ^^ therefore AE is ! ^^^' 
equal to AK % the greater to the lefs, which is impoflible 5 
therefore the parallelograms AH, ABCD, are not about the * ^' ^' 
I fame diameter AHC ; therefore no other but AF can be about the 
iime diameter with ABCP. liTberefore^ &c. 


PROP, 
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BookVI. 

PROP, XXVIL T H E O R. 

J^ F all parallelograms applied to the fame right line\ and want'* 
^^ ing inj^gure by parallelograms jftmilar and alike Jituate to that 
defcribed on half the line, the great eft is that which is applied tQ 
the half line, and/tmilar to the defe^. 

Let AB be a right line bifcfkcd in the point C ; and let tht 
parallelogram AD be applied to the right line AB, wanting in 
figure by the parallelogram CE, fimilar and alike fituate to that 
defcribed on half the line AB ; then AD is greater than a paralle- 
logram applied to any other part of the riglSline AB, wanting in 
figure by a parallelogram fimilar and alike fituate to CE. For, let 
tlie parallelogram AF be applied to the right line AB, wanting in 
figure by the parallelogram HK, fimilar and alike fituate to CE; 
then the parallelogram AD is greater than AF. For, becaufc the 
parallelogram CE is fimilar toHK, they will ftand about the fame 
» atf' diameter*. Let DB, that diameter, be drawn, and the figure 

^ 43» u defcribed ; then the parallelograms CF, FE, are equal ^; add 
HK, which is common to both ; then the whole CH is equal to 
f p. I, the whole KE ; but CH is equal to GC *^5 add CF, which is 
common ; then the whole AF is equal to the gnomon EKN ; 
but the parallelogram CE is greater than the gnomon EKN 5 
therefore CE, that is, AD, is greater than AF. Wherefore, &c. 


PROP. XXVIIL P R O B, 

UPpN a given right line to apply a parallelogram equal to a 
given right lined figure y and deficient by a parallelogram 
fimilar to a given parallelogram; but the right lined figure to 
which the parallelogram is to be made equals mufl not be greater 
than that defcribed on half the line, as the defeEl muji be fimilar. 

It is required, upon the given right line AB, to apply a paral* 
lelogram equal to the right lined figure C, and deficient by a 
parallelogram fimilar to D; and the right lined figure C not 
greater than the parallelogram defcribed on half the line AB, 
which is fimilar to D. For, bifeft AB in E, and on EB de- 
^ j8, Scribe a parallelogram EF fimilar and alike fituate to D % and 

compleat the parallelogram AG, 

Now, AG is either equal or greater than C ; if equal, what 
Was required is done. If not, make the parallelogram KLMN 

fimilar 
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limilar and alike fituate to D *, and equal to the excefs by which Book VI. 
EF exceeds C ^; then EF is equal to C, and KLMN together ; 
therefore KLMN is lefs than EF; and,becaufe they arefimilar, the a i8, 
fide GF is greatei: than LM, and GE than LK ; make GO equal ^ *5* 
to L'M, and GX to LK j and compleat the parallelogram GP, 
which will be fimilar to, and about the fame diameter with 
EF^*; let this diameter GB be drawn, and produce XPtoR, and ^ *^' 
OP to S ; then TS will be equal to C, and wanting in figure by 
SR, which is fimilar to D ^ : Which was to be done. d 27* 


PROP. XXIX. P R O B. 

^T^O apply a parallelogram upon a given right linc^ equal to a gi- 
•*■ ven right linedjiguref exceeding by a parallelogram fimilar to 
another given parallelogram* 

Upon the given right line AB, it is required to apply a paral- 
lelogram equal to the given right lined figure C, exceeding by 
a parallelogram fimilar to the given parallelogram D. 

Bifeft AB in E ; upon EB defcribe the parallelogram EL, fi- 
milar and alike fituate to D *; and the parallelogram GH equal * ^••' 
to C and EL together ^^ and fimilar and alike fituate to D*jl> *Sf 
let KH be a fide homologous to FL, and KG to FE ; then, be- 
caufe the parallelogram GH is greater than the parallelogram 
EL, the right line KH is greater than FL, and KG than FE : 
Produce FL and FE to M and N, fo that FM be equal to KH, 
and FN to KG ; compleat the parallelogram NM ; then MN is 
equal and fimilar to GH ; but GH is fimilar to EL; therefore 
MN is fimilar to EL^; therefore EL is about the fame diameter « *t. 
with MN ^\ let FX, their diameter, be drawn, and defcribe the ^ ^^f 
figure : Then, fince GH is equal to EL and C together, as alfo 
to MN 5 therefore MN is equal to EL and C together. 
Take KL, which is common, from both; then the gnomon 
MPE is equal to C ; and, becaufe the parallelograms AN, NB, ^ 
are equal % AN is equal to LOf; and, if BX be added, AX is f 43.' and 
equal to the gnomon MPE ; therefore AX is equal to C Where- Ax. 1. 1* 
fore, &c. 


T 


PROP. XXX. PR O B. 


cut a given right line into extreme andmfian ritig, 

N tt 


$8 THfiELEMENtS 

Book VI. It js required to cut the given right line AB ihixj extreme and 

WW*^ mean ^atio. 

a 46' I. Upon AB defcrihe the fquare BC*, and to AC apjply the pa- 
rallelogram CD> equal to the fquare BC, exceeding by the fiu 

b ap. gure AD »», fimilar to BC ; but BC is a fquare ; therfefote AD is 
alfo a fquare. From the equal parallelograms BC, Cb, t^ke a' 
way the common parallelogram C E ; then the remainder BF ViU 
be equal to AD ; but BF is equal to AD ; therefore FE is to ED 

c x4. as AE is to EB<^; that is,^ AB is to AE as AE is to EB : Or, let 
AB be cut in E, fo that the re£tangle under AB, BE, be equal 
.to the fquare of AE ^» Wherefore, &c. 


d it»3.. 


PROP. XXXI. T H E O R. 

T N every rtght angled triangle y any figure dejcribed upon the fide 
■*■ fubtending the right angle^ is equal to the two Jimilar Jigures de- 
fcrihed upon the fides containing the right angle. 

Let ABC be the right angled triangle, the figure defcribed on 
BC, fubtending the right angle, is equal to the two fimilar 
figures defcribed on BA, AC ; for, from the point A, let fall 
the perpendicular AD ; then the triangle ABC is divided into 
the two Similar triangks ADB, ADC -, then, becaufe the tri- 
angle ABC is fimilar to the triangle ABD, CB is to B A as BA 
* •• is to BD % and CB is to BD as the figure defcribed on CB is to 

b Cor. ao, ^^ fimilar figure defcribed on BA ^. For the fame reafon, as 
BC is to CD, fo is the figure defcribed on BC to the fimilar one 
defcribed on AC : Wherefore, as BC is to BD, and DC toge- 
ther, fo is the figure defcribed on BC to the two fimilar figures 
^ *^ ^' defcribed on BA, ACS together-, butBC is equal to BD, and 
DC together; therefore the figure defcribed on BC is equal 
to the two fimilar figures defcribed on BA, AC. Wl>crefore> 
&c. 


PROP. XXXn. T H E O R. 

• 

TF two triangles having two fides proportional to two fides^ be 
■*■ fo compounded or Jet together at one angle^ 'that their homolo^ 
pous fides be parallel : then the other fides of thefe triangles will 
ve in one right line* 

If the tHaflgTfes ABC, DCE be fo placed at the poiat C, that 

. the fide DE be parallel to AC, and DC to AB j then BC£ wiU . 

be a right line. 

- For, 
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Sor^beeauft the homologous fides AB, BC, are parallel, and^^^P^ VL 
AG falls upon them, the aUernate angles BAC, ACD, are e-S/"Y>^ 
qual^; f^r the fame reafon^ CDE is equal to ACD; then,azp. i. 
finoe the two triangles BAC, CDE, have the angles at A 
and D equal, and the fides about them proportianal, viz. BA 
to AC a's CD to DE, the triangles are equiangular ^, viz. theb <f. 
angle ABC equal to DCE, and ACB to DEC ; but the angle 
ACD is proved equal to BAC -, therefore, the whole angle 
ACE is equal to the two angles ABC, BAC. Add the common 
angle ACB to both, then the two angles ACE, ACB, are equal 
to the three angles ABC, ACB, BAC ; that is, equal to two 
right angles^; therefore BCE is one right liue^, Wben5forc,c sx. r. 

&c. 4 14. I. 


P IV P. XXXIIL T 1} ]p O R. 

IN equal circlsii the atigks are in the fame proportion to one an- 
other as the circumfermces m ^hiph they ftand^ whether the 
tangles be at the centres ^r the circu7r\ference ; fo Hhewife are 
jfeBarSy a$ being at the centres* 

Let ABC, DEF, be equal circles, and the aijgles BGC, 
EHF, at the centres G, H ; and BAC, EDF, angles at their 
I circumferences; then the angle BGC will be to the angle EHF 
as the circumference BC is to the circumference EF ; and like-^ 
wife the angle BAC to the angle EDF, and the feftof .BGC to 
the feftor EHF, as the circumference BC to EF. For, take 
any number of circumferences, as CK, KL, each equal toBC; 
and any number of circumferences, as FM, MN, each equal 
to EF ; join GK, QL, HM, HN ; then, becaufe the circum- 
ferences BC, CK, KL, are equal, the angles BGC, CGK, 
KGL, arelikewife equal*; therefore, BL is the fame multiplca a?. 3^ 
i of BC> that the angle BGL is of the angle BGC ; for the fame 
I reafon, EN is the fame multiple of EF, that EHN is of EHF 5 
I f:herefore, if the circumference BL be equal to the circum- 
ference EN, the angle BGL is equal to the angle EHN, if 
greater greater, and if lefs lefs ; therefore, as BC is to EF, fo 
is BGC to EHF ^ ; and fo is BAC to EDF ^. Again, as the^ def. ^ 5, 
circumference BC is to EF, fo is the feftor BGC to the feftor^ '^ ^'^^^ 
EHF; for, joinBC, CK, EF, FM, and aflume the points X,*''*^' 
O, in the circumference BC, CK, and join BX, XC, CO, 
OK; then, becaufe BG, GC, are equal to CG, GK, and 
contain equal angles, ihe bafc BC is equal to the bafe CK ^ ^A-u 
^nd the triangles ecjual ; and, becaufe the right line BC is e' 

qua! 
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Book VI. ^^^^ ^^ ^^^ ^'^^^^ ^^^^ ^^' ^^^ circumference BXC is equal to 
K^^/^Y"^^^^^ circumference COK • : therefore the angle BXC is equal ta 
e 28. 3 the angle COK : Therefore, the fegmentsBXC, COK, are equal 
fa4-3-an<land fimilarf ; but the triangles BGC, CGK, arc equal; there- 
dcf. II. 3, fQ^g jjjg ^jjQig f^£^Qj. BGCX is equal to the whole feaor 

CGKO; in the fame manner the feftors EHF, FHM, are pro- 
ved equal ; therefore BK is the fame multiple of BC, that.BGK 
18 of BGCX ; and EM the fame multiple of EF that the fe£kor 
EHMF is of the feffcor EHF; therefore, if the circumference 
BK is equal to the circumference EM, the feftor BGK is equal 
to the feftpr EHM, if greater, greater, and if lefs, lefs ; there- 
fa dcf. 5. 5. fore, as BC is to EF,fo is the feftor BGCX to the feftor EHjF^ 
Wfiierefore, Sec. 

Cor. I. An angle at the centre of, a circle is to four right 
angles, as the arch on which it ftands is to the whole circum- 
ference ; for, as the angle B AC is to a right angle, fo is the 
arch BC to a quadrant, tne confequents quadrupled ; then BAC 
is to four right angles as BC is to the whole circumference. 

Cor. IL The arches IL, BC, of unequal circles, whigh fub- 
tend equal angles, whether at the centres or circumferences, are 
iimilar : For IL is to the whole circumference ILE as the angle 
lAL, or BAC, is to four right angles ; and fo is the arch BC to 
the whole circumference BCF ; therefore the arches IL, BC, 
are (imilar. 

Cor. III. Two femidiameters AB, AC, cut off fimilar arch- 
es Hi BC, from concentric circumferences. 
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^RIIAtA. tot tke krSt fix Books. 

!B. il. pr. 3. t 5. for AC, CD, r. AF, CE ; pr. 10. 1. 15. for bEJP r. !Dt^E< 
^. Ill.pr. 23. note, fot def. 11. r. def. 10 i pr. 18. for def.X4*i r. dcf. 4*t« 

pr. 37. cor. 1. 1 2. for point A. r.. point D. 
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B. V. pr. 9. 1. 5. for it has to C, r. A has to C ; tke fine pr. 10. I. 6. 
is. VI. pr. li. p. 88. U 1. for EF r. DF, pr. 2% L 1 7. for KL r. EL. 
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EUCLID. 


BOOK XI. 


DEFINITIONS. 


i \ Solid, is that wbidi hath length, breadth, and thick-®'^'^^: 
r\ nefs. ^ '^'^ 

4 The term of a folid. Is a fuperficies. 

III. 
A right line is perpendicular to a plain, when It makes right 
} angles with all the lines that touch it> and are drawn in the 

fame plain. 

IV. 
^ plain Is perpendicular to a plain, when all the right lines in 
^ one plain, drawn at right angles to the common fe^ion of the 
two plains, are at right angles to the other plain. 

The Inclination of a right line to a plain. Is the acute angle 
contained under that line, and another right one drawn in 
the plain, from that end of the inclining line, which is in 
the plain, to the point where a right line falls from the other 

pnd of the ingliuing line; perpendigul^r to tbe plsaa* 

yii 
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\ 


Book XI. . ^ ^ VI. 

^/YN^The inclination of a plain to a plain» is the acute angle 
tained by the right lines drawn in both plains^ to the fa 
point of their common fe£iion) and making right angles 
it. 

VIL 
Plains are inclined (imilarly, when their angles of inclinatii 
are equal. 

VIII. 
Parallel plains are fuch, which being produced, never meet% 

IX, 
Similar folid figures are fuch as are contained under an 
qual number of fimilar plains. 

X, 
Equal and fimilar folid figures are Aich as ar^ contained by 
equal number of fimilar and equal plains, 

XL - 
A folid angle is the inclination of more than two right Hi 
that meet in one point, but are not in the fame fuperficies.j 

XII. 
A pyramid is a folid figure, contained by more than t\ 
plains fet upon one plain, and meeting at one point in 
vertex. 

XIIL 
A prifm i« a folid tgure contained by plains, whereof the 
oppofite are equal, fimilar, and parallel ^ and the other 
rallelograms. 

XIV, 
A fphere id a (oliA figure* dcfirrit^d by a fcmicircle revqlyh 
about its diameter, which remains fixed in the £imf ppf 

tion. 

XV. 
The axis of a fphere is that fixdd right line about which tl 
femicirele revolver 

XVL 
The centre of a fphere is the fame with that gf ifef ftmi 
circle. 

XVU. 
The diam€tar of ft fpbsre is » rigkl JifiLe irsimn thfO^gh tl 
centre, and tecmifiaced on eitfa^ fide kf i^i^ A^pef g,ci^§ ^ tU 
fphere. 

xvin. 

A ctme h a IbKd figiaf e defcribed t>y a right fiqglf d K^nglc 
f«¥olvtng about one 'Of the iUea, cofititin^aglh^ right ^ngle, 
'TettHiimng fixed! If cbe fixed righit l^e be eq^^ to ithe o- 
ther fide coiilaiiiiti-g the right apgi^j thsn it h 4 /t^As^pgular 


OP EUCLID. i^5 

cont ; if lefs, an obtufe angled cone ; and tf gr^atefi m »• Book XT* 
cute angled cone. ^ 

XIX. 
i'he axis of a cone is that fixed right line about which the tri- 
angle is moved. 

XX. 
The bafe of a cone is the circle defcribed by the revolving line. 

XXI. 
A cylinder is, a figure defcribed by a right angled parallelogram, 
revolving about one of the fides, containing the right angle, 
remaining fixed. 

XXII. 
The axis of a cylinder is that fixed right line about which the 
parallelogram is moved. 

xxin. 

The bafes of a cylinder are the circles defcribed by tlie motion 
of the two op'pofite fijdes of ttie paralielogram. 

Similar cones and cyl^ndeiis are fuch, whofe axes and 4iattieteil9 
of their bafes ate proporciDnal. 

XXV. 
A cube is a iblid %ure contained by l«t eqtial fqtiates. 

XXVL 
A tetrahedron is a folid figure contained by four equal equilateral 
triangles. 

XXV?I> 
An octahedron is a folid figure contained by eight equilateral 
itiangles* 

* XXVIII. 

A dodecahedron is a folid figure contained by twelve equal equi* 

lateral and equiangular pentagons. 

XXIX. 
Ail ieofabedron is a folid figure «o0ntained hjf twenty equal e« 

bilateral triangJes. 

A parallelopipedon is a folid figure contained T>y fix quadrilate- 
ral figures, whereof thofe that are oppofite are parallel. 


o 


PROP. I. T H E OR. 

\N.E part of aright Unecmmtiein aj^7ainjHf^Jici}fs,^and 
attQthcr part abDve it» 

For, 
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J^J]J2' ?^^* ^^ poffible, let the part AB of the right line ABC be in a, 
^^^"^^ plain fuperficies^ and the part BC above the fame ; there will be . 
fome right line in that plain which will make one right lioe 
with AB, which let be I)B ; then the two right lines ABC. ; 
ABD, will have one common fegment AB ; which is impo^ 
mCor.i4.i.fible». Wherefore, &c. 


P R O P. n. T H E O R. 

T F two right lines cut each other y they are both in oneplain^ arii 
ft^ery triangle is in one plain* ^ 

Let the two right lines AB, CD, cut each other in the point 
E, they are both in one plain. 

For, take any points F, G, in the right lines AB, CD, an« 
join CB ; then the right lines AB, CD, are in one plain, ?aan 
tl^ triangle ECB is in one plain. For the parts DF, AG|^ 
cannot be in one plain, and FC, GB, above it*; therefore Di 
AB, are in one plain ; and, becaufe the points B, C, are in one 
4tft4,u. pij^jnb^ therefore the triangle ECB is in one plain. Where-- 

fore, &c. 


n I. 


PROP. ffl. T H E O R. 


TF two plains cut each other y their common feSlion will be a right 
* line. 

Let the two plains be- AB, BC, cutting each other ; and let 
BD be their common feftion ; then BD is a right line. For, 
if not, let the right line BED be drawn in the plain CB, and^ 
. BFD in the plain BA ; then two right lines bound a figure \ ' 

^ ** *' 'which cannot be*. Wherefore, &c. 


P R O P. IV. T H E O R. 

TF a right linejland in the common feBion of two- right tines ^^ 
^ cuttitig.one another^ and at right angles to the fame : then ii 
JbfiU be at right angles to the plain poffing through ihefe lines. 


O F E U C L I D. 105 

Let the right line EF (land in the common fe£l:ion at right ^^^^ XI, 
angles to the two right lines AB, CD ; then EF is likewife at ^^y'VX^ 
right angles to the plain pafiing through AB, CD. For, take 
the right lines AE, ED, EB, EC, equal to one another, and 
join AD, BC ; through E draw GEH to the points G, H, in 
the riffht lines AD, BC ; join FD, FC, FA, FB, FG, FH ; 
then, becaufe the two fides AE, ED, are equal to the two fides 
BE, EC; and the angles AED, BEC% equal; the bafe AD » ^5- '• 
is equal to the bafe BC f and the remaining angles EAD, 
EDA, equal to the angles EBC, ECB, each to each »»; but the b 4. x, 
two angles AEG, EAG, in the triangle AGE, are equal to 
the two angles BEH, EBH, in the triangle HBE ; and a fide 
AE in the one equal to a fide EB in the other ; the remaining 
fides AG, GE, in the one are equal to BH, HE, in the other, 
each to each*^5 but, becaufe AE is equal to EB, and FE com- c a6. u 
men, and at right angles to AB, the bafe AF is equal to the 
bafe FB *>. For the fiime reafon, FD is equal to FC ; but FA, 
AD, are proved equal to FB, BC, each to each ; and the bafe 
FD equal to FC ; therefore the angle FAD is equal to the angle 
FBC '*. Again, becaufe FA, AG, are proved equal to FB, d 8. i. 
BH, each to each, and the angle FAG equal to FBH j the bafe 
FG is equal to FH ^. Now, dnct FE, EH, are equal to FE, 
EG, and the bafe FH equal to F-G 5 the angle FEH is equal to 
FEG ; therefore each is a right angle *; therefore FE is at right edcf. 10. y« 
angles to all the lines paffing through AB, BC ; and therefore at 
right angles to the plain paiEng through AB, DC U Where*- f4cf. 3. 
fore, &c» 


P R O P- V. T H E O R. 

TFa right line ft and in the cwimonfeEliQn of three right line:^ and 
■*• at right angles to them, thefe three right lines Jfball be in the 
fameplain. 

Let the right line AB ftand at right angles to the three right 
lines BC, BD, BE, in the point of contaft B j thefe three lines 
ihall be in the fame plain. 

For, if not, let BD, BE, be in the fame plain, and BC above 

it ; and let the plain pafling through AB, BC, be produced, till 

it meet the plain pafling through BD, BE ; and let BF be their 

common fed^ion, then BF is a right line*,- then the three right a s^ 

lines BE, BD, BF, are in one plain ; but AB is at right angles 

to BD, BE ; therefore at right angles to BF, meeting BD, BE, 

i^ &^i but the angle ABC is a x\^t ;mgle% and the angles b 4* 

p ABC, c hyp; 
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Book XL abC, ABF, are in the fame plain «»; thcreforcf the angle ABCf 
V^V^i^ is equal to ABF, a part to the whole j which is impoflible ^ 
d dcf. 3. therefore BC is in the lame plain with BD, BE. Wherefore, 


P R O P. VI. T H E O R. 

T F there be tiffo parallel lines 9 and a point taken in each ofthem\ 
^ the right line joining thefe points Jhall be in the fame plain with 
the parallel lines. 

. Let AB, CD» be 'two parallel lines, and E, F, points taken 
in them ; then the right line EF joining thefe points is in the 
fame plain with the parallels; if not, let it be elevated above the 
plain, as EGF j/ through which let fome plain be drawn, whofe 
common feftion with the plain in which the parallels are, let be 
a 3- :EF*5 tbrn the two right lines EGF and,EF bound a figure j 

bax. w* I which is impoflible*'; therefore the right line EF is not above, 
nor can it be below the plain, for the fame reafon ^ therefore it is* 
in the fame plain. Wherefore, &c. 


PROP. Vn. and VIII. T H E O E. 

IF tw& right lines be perpendicular to the fame plain^ thefe right 
lines are parallel; and, if two right lines are parallel^ and one 
of them is perpendicular to fome plain^ then the other is perpendh^ ■ 
cular to the fame plains 

m 

Let two right lines AB, CD, be perpendicular to the fame 
plain, then AB is parallel to CD ; and, if AB be parallel to 
CD, and AB be perpendicular to fome plain, then CD is per- 
pendicular to the fame plain. 

Firft, let AB, CD, be perpendicular to fome plain, and let 
them meet it in the points B, D ; join BD ; and, in the point D, 
draw ED at right angles to BD, and equal to AB ; join BE, 
r AE, AD ; then, becaufe AB is perpendicular to the plain in 
which BDE is, it will be at right angles to all the lines drawn: in 
«dcf. J, it, and touching AB*; but AB touches BD, BE, in the fame 
. . . plain ; therefore each of the angles ABD, ABE, is a right 
angle, i'or the fame reafon, each of the angles CDB, CDE, is 
a right angle ; then, becaufe AB is equal to DE, and BD com- 
mon, the two linc^ SPa P^i ^ire e<iual to ABy BD ;. and the 

angle 


«^ 
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wigle ABD equal to the angle EDB ; for each is a right one ; Boo XL 
therefore the bafe EB is equal to the bafe AD ^i therefore EB, ^•Y^i^ 
BA, are^qual to ED, DA ; and the bafe AE common ; there- ^ 4» ». 
lore the angles ABE, EDA, are equal *^; but EBA is a right c 8. i. 
•angle} therefore EDA is likewife a right angle ^ therefore ED 
1 is perpendicular to AD, and lik«wife perpendicular to BD, I?Cj 
i therefore BD, DA, DC, arc in one plain ^; but BD, DA, are ^ ^* 
in the fame plain with AB *; therefore AB, DC, are in onie * *• 
; plain 5 and the angles ABD, CDB^ right ones 5 therefore AB, 
I DC, are parallel f- f as. i. 

I . Second, If AB and CD are parallel, and AB perpendicular 
I to fome plain, CD is perpendicular to the fame plain. For« the 
I fame conftru£iion remaining, AB is proved at right angles to 
BD, BE ; and ED at right angles to DB, DA ; and, becaufc 
AB is parallel to CD, and DB joins them, CD, AB, are in the 
/ame plain with DB^; but ED is proved at right angles to DB, g 4. 
DA 5 therefore at right angles to DC ^ j for DC is in the fame h #• 
^ain with DB, DA ; therefore CD is at right angles to DE, 
;J)B K Wherefore, &c. , i def .3. 


P R O P. IX. T H E O R. 


R 


10 HT lines that are parallel to the fame right line^ althtf 
not in the fame plain with ity are parallel to one onother. 


Let the right lines AB, CD, be each parallel to the right 
liae £F, but not in the fame plain with it % then AB wilh be 
parallel to CD. For, in EF, alTume any point G, and draw . 
GH at right angles to EF, in the fame plain paifing through EF, 
AB ; and likewife GK at right angles to EF, in the plain paf- 
£ng through EF, CD ; then, becaufe EF is at right angles to 
,GH, GK, it is alfo at right angles to the plain j^aSing through 
GH, GK*; but EF is parallel to AB ; therefore AB is alfo at a 4. 
right angles to the plain paffing through GH, GK^. For the ^ 
fame reafon, CD is perpendicular to the fame plain ; therefore 
AB is parallel to CD ^ \ for each is at rij^ht angles to the fame 
ylain^ Wherefore, &c. 


PROP. X. T H E O R. 


[ 

TF two right lines touching one another ^ be parallel to two other 
* right lines touching one another^ but not in the fame plain s 

tiefe right Hms contain equal angku 

Let 
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fiook XL Let two right lines AB, BC, touching one another^ be pafal*' 

V,^YX^ lei to two right lines D£, EF, touching one another^ but not in J 
the fame plain, the angle ABC is equal to the angle DEF. Fbr,J 
take BA, BC, ED, E F, equal to one another, and join AD, 
CF, EB, AC, DF; then, becaufe AB, DE, are equal and parallel, 

a 33. 1. AD, BE, that join them, arelikewife equal and parallel *. For 
the fame reafon, CF, BE, are equal and parallel ; then AD, C?» 

b p. are equal and parallel **; therefore AC, DF, that join them, ait^ 

equal and parallel *; then, fmce AB, BC, are equal to DE, 
■ EF, and the bafes AC, DF, are equal, the angle ABC is equal 
to DEF *=. Wherefore, &c. 


t 8. X. 


b XI. T. 
C .^I. X. 


T 


P R O P. XL P R O B. 

let /ail a perpendicular en a given plain /rofn a given pint 
abcvk it» 


Let BH be the given plain, and A the point above it ; it h 

required from the point A to let fall a perpendicular upon the 

given plain BH. In the plain BH take any right line BC ; and; 

6 14. t. from the point A draw AD perpendicular to BC ". If AD i» 

perpendicular to BH, what was required is done ; if not, drav 

DE in the plain at right angles to BC^; and from A draw A? 

perpendicular to DE *; and through F draw GH parallel to BC^ 

llien, becaufe BC is perpendicular both to DA and DE, it is 

d dcf. 3. perpendicular to the plain paffing through DA, DE <*; but GH 

is parallel to BC ; therefore GH is perpendicular to the plain 

« 7. paffing through DA, DE *; therefore AF is perpendicular to 

f dcf« 3. GH f; but AF is perpendicular to DE ; therefore at right angle* 

g 4. to the plain paffing through GH, ED «i that is,' to BH. Where 

fore, &c. 


T 


PRO P. XXL P R O B- 

efeB a right line perpendicular to a given plain from 4 
given point in it » 


It is required tO draw a perpendicular to the plain MN, fronv 
a given point A in it. From forne point B* above the plain, IcC 
a ii- fall a perpendicular BC upon it"i and from the point A draif 

b 31. X. ^D parallel to BC *>. Then, becaufe AD, BC, are two paral- 
lel right lines, BC, one of them, is perpendicular to the pidfl 
« ^ MN ; the other, AD, is perpendicular to the fame plain*^. Where- 

fore, &c. 

PROP. 


T 
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PROP. XIII. THEOR. BookXI. 

IV O right lines cannot be drawn at right angles to a given 
plain, from a point given therein. 


For, if poffible, let the right lines AB, AC, be drawn perpen* 
dicular to a given plain, from the given point A ; let a plaii^ 
pafling through AB, AC, cutting the given plain through A, 
in the right line DAE* ; but the right line DAE being in the^^ ^^ 
given plain touches it ; therefore AB, AC, DAE, are in one 
plain; then, becaufe AC is perpendicular to the given plain, 
the angle CAE is a right angle *» ; for the fame reafon BAE is a |j , ^ 
right angle ; therefore the angle BAE is equal to the angle 
CAE, a part to the whole, which is abfurd. Wherefore, &<:• 


T 


PROP. XIV. THEOR. 

HOSE plains to which the fame right line is perpendicU" 
lar, are parallel t9 each other ^ 


If the right line AB be perpendicular to each of the plains 
DC, EF ; then thefe plains arc paralkl: For, if not, let them 
be produced till they meet each other ; and let the right line 
GH be their common feftion ; in which, take any point K, 
and join AK, BK ; then, becaufe AB is perpendicular to the 
plain EF, it is perpendicular to the right linc*BK, being in ^ 4ef. 3. 
the fame plain produced ; therefore ABK is a right angltf ; for 
the fame reafon B AK is a right angle ; that is, two angles in a 
triangle equal to two right angles, which cannot be^j ^'^^'*^'bi7 r. 
fore the plains CD, EF, being produced, will not tasttt each 
other \ therefore parallel. Wherefore, &c. 

PROP. XV. T H E O R. 

TF two right lines ^ touching one another^ be parallel to two 0- 
•*■ ther right lines j touching one another^ and vot in the fame 
plain with them, the plains drawn through thefe right lines ar^ 
parallel to each other. 

Let AB, BC5 two right lines touching one another, be pa- 
rallel to two right lines DE, EF, touching one another, but not . 
in the fame plain with them ; then the plains palling through 
AB, BC, DE, EF, being produced, will not meet each other : 
^or, from th€ point B, draw the right line BG *, to the point a lu 


no TU E ELEMENTS 

Book XL G, in the plain paffing through DE, EF, and perpendicular to 

Vi^YN^ it. From the point G, draw GH parallel to DE, and GK pa- 

b 31. 1. rallel to EF* ; then, becaufe BG is perpendicular to the plain 
paffing through DE, EF, it is perpendicular to all the right lines 

c def, 3. touching it in that plain ^ 5 therefore BG is perpendicular to 
GH, GK; and, fince BA is parallel to GH, the angles GBA, 

4»s. li BGH, are equal to two right angles*; but BGH is a right 
angle ; therefore ABG is likewife a right angle : For the fame 
reafon, GBC is a right angle ; therefore BG is at right angles 

5e 4. to the plain paiTmg through B A, BC * 5 but it is likewife per- 

pendicular to the plain pafTmg through DE, EF 5 therefore BG 
is perpendicular to the plains paffing through BA, BC, and 

'**• ED, EFf: Therefore thefe plains are parallel. Wherefore, 
&c. 


PROP, XVI. T H E O R. 

T F two parallel plains are cut by another plains their common 
^ feElions 'will be parallel. 

Let the two parallel plains AB, CD, be cut by any plain 
EFGH, whofe common feftions are EF, GH ; then EF is 
parallel to GH : For, if EF, GH, are not parallel, if produced, 
they will meet, cither toward F, H, or E, G. Let them meet 
in K : Then, becaufe EFK is in the plain AB, all points taken 
ff,%l in it are in the fame plain*; therefore K is in the plain AB : 

For the fame reafon, K is in the plain CD ; therefore the plains 
AB, CD, meet each other ; but they are parallel ; therefore 
they cannot meet ; for the fame reafon they cannot meet, if 
produced toward £y G; therefore the common lie£l;iops EF> GH, 
are parallel. Wherefore, &c. 


I 


PROP. XVH. T H E O R. 

F t*wO right lines are cut by parallel plains ^ they will be cut 
in the fame proportion* 


Let the two right lines AB, CD, be cut by parallel plains 
GH, KL, MN, in the points A, E, B, C, F, D ; then AE 
will be to EB as CF is to FD : For, let AC, BD, AD, be 
oined ; and let AD meet the plain KL, in the point X, join 
X, XF; then, .becaufe the plains KL> MN, arc cut by the 

plain 


I 


J 
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plain EBDX, their common' fe£lions EX, BD, are parallel *;Book VL 
ior the fame reafon, the common fe£bions XF^ AC, are paral-v_ 
lel : then, fince EX is parallel to BD, A£ is to EB as AX is a i6. 
to XD «> ; for the fame reafon AX is to XD as CF is to FD 5 ^ »• <J- 
therefore AE is to EB as CF is to FD ^. Wherefore, &c. « ". *- 


PROP. XVm. T H E O R. 

T F a right line is perpendicular to fome plainy then alt plains 
••• pajftng through that line will be perpendicular to the fame 
plain* 

Let the right line AB, be perpendicular to the plain CL ^ 
then all plains pafiing through AB are perpendicular to the 
fame plain. For, let a plain D£ pafs through the right line 
AB, vwhofe common fe&ion with the plain CL is the right 
line CE ; from fome point F, in CE, draw FG in the plain DE, 
perpendicular to the right line CE ; then, becaufe AB is per* 
pendicular to the plain CL, it is perpendicular to the right line 
CE in it • ; therefore the angle ABF is a right angle ; but * ^' 3* 
.GFB IS likewife a right angle 5 therefore AB is parallel to 
FG ^ ; but AB is at right angles to the plain CL ; therefore ^ *^* '* 
FG is at right angles to the fame plain ^ : For the fame reafon^ « y. 
all other lines drawn perpendicular to the common feftion of 
any plain palling through AB, is perpendicular to CL : Then, 
becaufe AB, FG, are drawn in one plain, perpendicular to CE, 
the common fe&ion of the plains CH, CL, the plain CH is 
perpendicular to the plain CLfl. Wherefore, &c. ^ ^*^* *• 


PROP. XIX. T H E O R. 

T F two plains cutting each others he perpendicular to fome plainy 
•■• their common fe^ion will be perpendicular to that fame plain* 

Let two plains AB, BC, cutting each other, be perpendicu- 
lar to fome third plain, ADC 5 their common feftion BD is 
perpendicular to the plain ADC r For, if BD is not perpendi- 
cular to ADC, from the-point D, draw DE in the plain AB, a def. 4. 
at right angles to AD * j and DF in the plain CB, at right 
angles to DC ; then the two right lines DE, DF, are drawn 
from the fame point, each at right angles to the fame plain 
ADC ^ ; which is impoflible ^ j therefore BD is perpendicular ^ j^- 
to ADC. Wherefore, &c. 

PROP, 
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T F a /olid angle ^s^fontained un^er tjft^e plain angles ^ anjim 
•■• cjthem^ however taken ^ are grcatisr than the third. 

* Let the folid^ angle Aj be cocseaint<f under three plain anglesi 
BAC^ CAD,"TBAD, any two of th6m, however taken, arej 
greater than the third. 

If the three angles, or any t\vo of them, are equal, then an] 
two of them muft be greater-than the third ; but, if not equalj 
let one of them, as BAC, be the greater : At the point A, make 
the angle BA£, with the right line A6, in the plain palCng 
thrdtigh BA, AC, equal to the angle DAB^ ; make A£ equal 
to AD \ through £, draw B£C, cutting the right lines Ab] 

AC, in the points B, C; and- join DB, DC; then^ becauli 
DA is equal to AE,the two fides BA, AD, are equal to the tv< 
fides BA, A£ ; and the angle BAD equal to the angle BA£^i 
then the bafcs BD,B£, are equal ^; but the two fides BD> DCJ 
are greater than the third BC ^ ; and BD is equal to B£; there- 
fore the remainder DC, is greater than £C \ and the fides CA< 

AD, are equal to the two fides CA, A£, and the bafe Df 
greater than C£ ; therefore the angle D AC is greater tha 
EAC * 5 but the angles BA£, EAC, are equal to BAC \ thcrc^ 
fore the angles BAD, DAC, are greater than BAC. After tb( 
fame manner, any other two angles may be proved greater that 
the third. Wherefore, &c. 


»»• 




PROP. XXI. 

VEKT folid angle is contained under flain angles, togethei 
lefs than four right angles. 


Let the angle A be a folid angle, contained under the plaii 
angles BAC, BAD, DAC ; thefe angles are lefs than fou 
rignt angles. For, in the lines, AB, AD, AC, take any pointj 
B, D, C, and join BD, DC, BC ; then, becaufe the folid angll 
at B is contained under three plain angles, CBA, ABD, DBC| 
any two of which are greater than the third * ; the two angles 
CBA» ABD, are greater than DEC ; for ■ the fame reafon, th( 
angles BCA, ACD, are greater than BCD ; and CDA, ADBi 
are greater than BDC : Tlierefore the fix angles ABD, ABCJ 
ACB, ACD, ADC, ADB, are greater than the three angles' 
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DBC, BDC, BCDij butthefe three angles are equal to two Bqok XI. 
right angles^; thetefor^ the fil^. angles ABD, ABC, ACB, S-^'^^^V-^ 
ACJD, ADC, ADB, p:re greater than two right angles: But ^ 3^- i- 
the three angles of ^ery triangle' are equal to two right angles ; 
therefore the nine-iingles CBA, BCA, BAG, ACD, CAD, 
ADC, ADB, ABp, DAfe, are eqV^ to fix right angles : But 
fix of which are proved greater thaii two right angles ; there- 
fore the remaining three angles BA.C, DAC, BAD, which 
contain the folid angle A, are lefs tnan four right angles : fn 
the fame manner, it may be pro^^ed, if the angle is contained by 
more than three plain angles, that thefe are together lefs than * 
four right angles. Wherefore, &C. 


PROP. XXII. T H E O R. 

T F there he three plain angles^ whereof any tixjOy however takeri, 
•*• are greater than the thirdy and the right lines that coniain 
them be equals then it is pvjfthle to make a triangle of the right 
lines, joining the equal right lines 9 which forT^ the angles 

Let ABC,DE'F,GHK, be three given plain angles, any two of 
which are greater than the third ; and let AB, BC, ED, EF, O^, 
HK, be the equal right lines that contain them ; and join AC, 
DF, GK ; then, of thcle three right lines, a triangle may be 
made. For, if the angles B,E, H, or any two of them, are equal, 
then any two of them muft be greater than the third *, and a 4. »• 
likewife their bafes "; of which, let AC be greater than DF, or 
GK ; then DF and GK are greater than AC* For, make the 
angle ABL equal to the angle GHK ^, and make BL equal to b 13. i. 
either AB, BC, DE, EF, GH, HK; and join AL, CL; ^ 
then the two fides AB, 13L, are equal to the two fides GH, 
HK, each to each \ and they contain equal angles ; therefore 
the bafe AL will be equal to the bafe GK % and, fince the 
angles at E and H are greater than the angle ABC, the angle 
GHK is equal to the angle ABL ; therefore the angle ar E is 
greater than LBC ^5 but the two fides LB, BC, are equal tp c hyp. 
DE, EF, each to each ; and the angle DEF greater than LBC ; 
then th'e bafeDF is greater than LC**; but GK is proved equal d 24. i. 
to AL ; therefore DF, GK, are greater than AL, LC ; but 
AL, LC, are greater thart AC ^\ therefore DF, GK, are much e 30. i. 
greater than AC ; therefore any two of the right lines^AC, DF, 
GK, are greater than the third : ^Flierefore a triangle may be 
made, whofe fides are equal to the three given right lines. 
Wherefore, &c. . 

P PROP. 
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PROP. XXIII. P R O B. 

. nr*^ make a folid angle of three plain angles^ any ttvo of which 
■■• are greater than the third ; but thefe three angles mrtfty togt^ 
thcry he left than four right angles. 

It is required to make a folid angle of three plain angles ABC, 
DEF, GHK, any two of which are greater than the third \ and 
all the pngles together lefs than four right angles, let the right 
lines AB, BC, DE, EF, GH, HK, be made equal to one ano- 

a M- ther; and join AC, DF, GK. Then a triangle may be made* of 

three right lines equal to AC, DF, GK ; which let be LMN ; 
make the fide LM equal to AC, MN to DF, and LN to 

a »». I. Qj^ b. clefcribe the circle LMN about the triangle *•*; its center, 

^ ^' " X, is either within the triangle,* upon one of the fides, or with- 
out the triangle. Firft, let it be within the triangle, and join 
LX, MX, NX •, then, if AB be not greater than LX, it will 
be either equal or lefs. Firft, let it be 'equal; then AB, BC, 
arc equal to LX,XM, and the bafe LM equal to AC ,• then the 

d «• I. angle LXM is equal to the angle ABC **. For the fame reafon, 
the angle MXN is equal to DEF, and NXL to GHK ; but the- 
three angles LXM, MXN, NXL, are equal to four right 

« "^- *• angles*; therefore ABC, DEF, GHK, are equal to four right 

f hyp. angles ; but they are lefs f; which is abfurd ; therefore LX. XM, 
are not equal to AB, BC ; and they are not greater. For, if 
poffible, let LX, XM, be greater than AB, BC, and cut oflF 
XO, XP, equal to AB, BC 5 join OP. Then, becaufe AB is e- 
qual to BC, and XO to XP, the remainders LO, MP,, will be 
equal ; therefore OP is parallel to LM «; and the triangles LXM, 

h up. I. OXP, are equiangular ^ 5 therefore XO is to OP as XL is to 

i 4. «. LM i: and, by aitcrn. XO is to XL as PP is to LM. But LX is 
greater than aO; therefore LM is greater than OP. But LM 
is put equal to AC ; therefore AC is greater than OP ; therefore 

k »^« »• the angle ABC will be greater than the angle OXP K For the 
fame reafon, DEF is greater than MXN, and GHK than NXL; 
but OXP, MXN, NXL, are equal to four right angles *; there- 
fore the angles ABC, DEF, GHK, are greater than four right 
angles, and likewife lefs f ; which is imnofFible : Therefore 
La, XM, are not greater than AB, BC ; but they arc proved 
not equal ; therefore they are lefs ; therefore, on the poiiit X, 
'*• raifc XR perpendicular to the plain of the circle LMN ', and e- 
qual to the excefs by which the fquare of AB exceeds the fquare 
of LX; and join RL, RM, RN. Th?n, becaufe RX is perpcn- 

10 dcf. ^; dicular to the plain LMN, it is at right angles to LX, MX, 
NX ■ } therefore the fquarcs of LXj XR, arc equal to the fquare 

of 
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. of LR «. For the fame reafon, the fquares of RX, XM, arc c- Book VL 
qual to the fquare of RM j and the fquares of RX, XN, equal v^/^YX^ 
to the fquare of RN ; but LX,* MX, NX, are equal, and RX n 47. i. 
common ; therefore LR, RM, RN, are equal ; but the fquare 
of AB is equal to the fquares of LX, XR ° ; therefore LR is e- ^ «<^°^- 
qual to AB. But BC, ED, EF, GH, HK, are each equal to 
AB; therefore RL, RM, RN, are each equal to ABorBC; 
and the bafe IjAL equal to AC 5 therefore the angle MRL is e- 
qual to the angle ABC ; but MR, RN, are equal to DE, EF, 
and the bafe MN to DF, the angle MRN to DEF, and the 
angle LRN to GHK j therefore the folid angle at R is contained 
by the three plain angles LRM, MRN, LRN, equal to the 
three plain angles ABC, DEF, GHK. 

Now, let the center of the circle X be on one fide of the 'tri- 
angle, viz. MN \ join XL 5 then AB is greater than LX. For, 
if not, k will be either equal or lefs. • .Firil, let AB be equal to 
LX ; then MX, XL, are equal to AB, BC ; that is, MX, XL, 
wc equal to MN ; but MN is equal to DF ; therefore DE, EF, 
Vc equal to DF ; which is abfurd^ ; much lefs can MX, XL, p ao.i. 
that is, MN, that is, DF, be greater than DE^ EF ; therefore 
AB is greater than LX; and, if XR is drawn perpendicular to 
the plain LMN, and equal to the excefs by which the fquare of 
AB exceeds the fquare of LX, the figure can be conilru£ted as 
before. 

Lailly, let the center X of the circle be without the triangle 
LMN; join LX, MX, NX ; then .AB is greater than LX. If 
not, it is either equal or. lefs. Firfi, let it be equal ; then the 
two fides AB, BC, are equal to the two fides MX, XL ; and the 
fa)(b AC equal to ML ; therefore the angle ABC is equal to 
the angle MXJj^. For the fame reafon, GHK is equal tod 8. i. 
LXN ; but the whole angle MXN is equal to the angles MXL, 
NXL; therefore MXN is equal to ABC, GHK ; that is, DEF 
is equal to ABC, GHK; but ABC, GHK, is greater than 
DEF**, and likewife equal ; which is abfurd ; therefore AB isS *o» 
not equal to LX. Let AB be lefs than LX, and make OX, 
XP, equal to AB, BC ; then the remainders OL, MP, will be 

' equal ; therefore OP is parallel to ML «, and the triangles equi- g a. <• 
angular ; therefore XO is to OP as XL is to LM j by altern. 
as XO is to XL, fo is OP to LM ; but XL is greater than XO5 
therefore LM is greater than OP ; but LM is equal to AC ; there- 
fore AC is greater than OP 5 and the angle ABC greater than 
GXP k. Diaw XV equal to XO or XP ; and join OV ; then the^ *^- ^• 
angle GHK is greater than OXV. At the point X, with the right 
line LX, make the anglp LXS equal to ABC ; and the angle 
LXT to GHK ' ; and XS, XT, each equal to XO ; and join ' »3. i- 
OS, OT, ST; then, b:caufe the two fides AB, BC, are equal 

to 


116 THE ELEMENTS 

Book XI. to the two fides OX, XS, and the angle ABC to OXS; the 

Vn^^VVf bafe AC, that is, LM, will be equal to OS K For the fame 

s 4: I. . '. rcafon, LN is equal to OT; and, fince^the two (ides ML, LN, 

are equal to the two fides OS, OT, apd the angle MLN, or 

PPV, greater than SOT, for it contains it, the bafe MN is ! 

1 24. I. greater than ST ^ ; but MN 15 equal to DF ; therefore ijF it 

greater than ST ; therefore the angle DEF is greater than 

k IS- X- SXT^^; but the angle SXT is equal to the angles ABC, GHK; 

therefore the angle DEF is greater than ABC, GHK. and 

likewifc lefs ; which cannot be ; therefore AB is not lefs than ^ 

LX; but it has been proved npt equal to it j therefore mull 

be greater. Then, malfe XR equal to the eycefs by which the 

fquare of AB exceeds the fquare of LX ; and join RM, RN, 

RL ; then, in the fame manner, it may be proved, that the fo* 

lid angle R is the angle required. Wherefore, &c. 


I 


PROP. XXIV. T H E O R. 

Fa /olid be contained hyfix parallel plains ^ the oppojite plains 
thereof are equal paTallelograms. - 


Let thefolid CDGH be contained by the parallel plains AC, 
GF, BG, CE, FB, AE, the oppofite plains thereof are eqaal 
parallelograms. For, becaufe the parallel plains BG, CE, are 
cut by the plain AC, their common fcftions AB, CD, are pa- 

a ?^« rallel *; and, becaufe the parallel plains BF, AEy are cut by the 
plain AC, their common feftions AD, BC, are parallel 5 there- 
fore AC is a parallelogram. In the fame manner, it is proved 
' that GF is a parallelogram. Then, becaufe BH, AG, CF, DE, 
join the parallel lines AD, GE, BC, HF, they are equal to 

t »3- »• one another^. For the fame reafon, AB, HG, CD, EF, aree- 
qual to one another ; therefore BG, CE, AC, GF, AE, BF, 
are parallelograms. Join AH, DF ; then, becaufe AB, BH, 

^ 10. are parallel to DC, GF, the angle ABH is equ^l to DCF'; 
then* becaufe AB, BH, are equal to DC, CF, and the angles 

^ 4, !• ABH, DCF, equal, the bafes AH, DF, are equaH; but the 
parallelogram BG is double the triangle ABH, and CE double 
CDF^; therefore the parallelograms BG, CE, are equal; in the 
fame manner, the parallelograms AC, GF, are proved equal i 
aiid AE equal to BF. Wl^crefore, &9, 
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PROP. XXV. T H E O R. 

• * 

IF a /(did paralklopipidm be cut by a plain parallel to oppojite 
plains ; then, as bafe is to ba/e, fo is/olid to/olid. 

Let the folid ABCD be cut by a plain TE, parallel to the op- 
poHte plains RAj DH ; then, as the bafe EFUA is to the bafe 
EHCF, fo is the folid ABFY to the folid EGCD. For, pro- 
duce AH both ways, and make AK, KL, each equal to AE ; 
and HM, MN, each equal to EH ; and compleat the parallelo* 
grams LO, KU, HX, MS, and the folids LP, KR, HQ, 
MT ; then, becaufe the right lines LK, KA, AE, are equal, 
the parallelograms LO, kU, AF, are equal ^^ as^alfo the pa«a 36. t, 
rallelograms KV^ KB, AG, and the parallelograms LW, KP» 
AR* For the fame reafon, the parallelograms EC, HX, MS, 
are equal ; as alfo, HG, HI, IN, and the parallelograms DH, 
MQ^ NT. Then, becaufe LK, KA, AE, are equal ; and like- 
mife HM, MN, each equal to HE ; LE is the fame multiple of 
AE that LF is of AF ; and £N the fame multiple of EH that 
ES is of EC ; and LG of AG ; LR of AR ; ET of HG 5 and 
EQ, of EY. Wherefore the three plains in the folid LP, and 
the three oppo(ite ones, which are equal to them, are equal to 
the three plains in the folid KR, or AY, and the three op- 
pofite plains which are equal to them *>; therefore the three folids b %a^ 
LP, KR, AY, are equal ^, and the fame multiple of AY thatc dcf. xo. 
LF is of AF. For the fame reafon, the folids ED, HQ, MT, 
are equal 4 thcrefpre ET is'thc fame multiple of ED that ES is 
of EC : Wherefore, if LF be equal to ES, the folid LY wiU 
be equal to the folid NY, if greater, greater, and, if lefs, lefs : 
Wherefore, as AF is to FH, fo is the folid AY to ED ^. Where- d W. 5. $. 
tore, &c. 


A 


PROP. XXVI. P R O B. 

T a given point, in a given right line, to make a folid angle 
equal tp a folid angle given* 


It is required, at a given point A, in a given right line AB, 
to make a folid angle equal to the folid angle contained by the 
plain angles EDC, EDF, FDC, In the right line DF affumc 
any point F ; from which draw FG perpendicular to the plain 
faffing through ED, DC, meeting the plain in the point 
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tidokXL G*; join DG ; at the point A, with the right line AB, make 

Vi^yi^ the angles BAL, B AK, equal to the angles £DC, £DG ^; and 

a II. makd AK equal to DG ; at the point K, in the plain BAL, 

•• *3- '• raife a perpendicular HK *: which make equal to GF ; and join 

* '^' HA ; then the folid angle at A, which is contained by the 

plain angles BAL, BAH, HAL, is equal to the folid angle 

at D, contained by the plain angles EDC, EDF, FDC. For, 

' take the right line AB, equal to DE 5 AI> to DC ; and join 

HB, KB, FE, GC, FC; then, becaufe GF is perpendicular 

4 def. 3. to the plain EDC ^, the angles FGD, FOE, FGC, are right 

angles; for the fame reaibn,' HKA, HKB, HKL, are right 

angles ; and^ becaufe the two Mes KA, AB, are equal to the 

two fides GD, DE» and contain equal angles, the bafes BK, 

£G, are equal ; and« becaufe BK, KH, are equal to EG, GF, 

each to each, and contain equal angles, the bafes HB, F£, are 

4- >• equal ^. Again, becaufe AK, KH, are equal to DG, GF, each 

to each, and contain equal angles^ the bafe AH is equal to DF; 

but AB, AH, are equal to DE,DF, and the bafeBH equal to £F ; 

•» «• therefore the angle BAH is equal to EDF f; but the angle BAL 

• is equal to EDC, and a part BAK equal to EDG ; therefore 

the remainders KAL, GDC, are equal, and the bafe KL to 

GC*-, and, becaufe HK, KL, are equal to FG, GC, each to 

«ach, and the stngie HKL equal to FGC, the bafe HL is equal 

to FC 5 but HA, AL, are equal to FD, DC, and the bafe 

HL equal to FC; the angle HAL is equal to FDC*; therefore 

' the plain angles BAL, BAH, HAL, containing the iblid angle 

A« are equal to the plain angles EI)C, EDF, FDC, cotitaining 

the folid angle at D, each to each ; therefore the (blid angle at 

4cf« .20. A is made equal to the folid angle at D K; which was to be 

done. 


PROP. XXVIL P R O B. 

TO defcribea parallelopipedon from a given right line^Jimilar 
and alike fitucite to afoVtd paralielopipedwn given* 

It is required to defcribe, from the right line AB, a folid pa- 
rallelopipedon, fimilar and alike fituate to the given folid paral- 
lelopipedon CD. 

At the point A, in the given right line AB, make a folid 

angle A, contained by the plain angles BAH, HAK, K AB, e- 

^ qaal to the folid angle at C *, fo that the angle BAH be equal 

to ECF I BAK to ECG ; and HAK to FCG ; and make BA to 

AK 


V 
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AK as EC IS to CG «»; and KA to AH as GC as to CF ; then S BooitlCl- 
by equality, as BA is to AH, fo is CE to CF. Compleat the Ki^fyJ 
parallelogram BH, and folid AL : Then, becaufe Hie three plain b i«. «• 
angles,containingthefolid angle at A,areefiual to the three plain *= "• *• 
angles containing the folid angle at C, anid the fides about the 
equal angles proportional, the parallelogram KB is fimilar to 
the parallelogram GE. For the fame reafon, KH is fimilar to 
GF, and HB to FE ; therefore the three^arallelograms of the 
folid AL ate fimilar to the tbree^parallelograms of the folid CD; 
biicthefe three parallelograms are equal and fimilar to t^he three 
oppofite ones**; therefore the folid AL is fimilar to the iolid^^"^^ 
CD • : Which -was to be done. 


PROP. XXVm. T H E G R. 

• 

IF a/oHdparallehpipeddn be cut by a plain pajjing through thedi- 
•* agonals cf two oppofttf plains i that folid 'wUi be bifeEkd ky the 
plain* 

If the folid paralklopipcdon AB kc cut by the plain GAEF, 
paffing throuefa the diagonals GF, AE, of two oppofite plains, 
then the folid AB is bifefted by the plain GAEF. For, becaufe 
the triangles CGF, GBF, are equal, and Hkcwife the triangles 
AD£, AEH », and the parallelograms AC, BE ^i for they are » 34- u 
oppofite, and Ukewife GH equal to CE ; the prifm contained **** 
by the two triangles CGF, ADE, and the three parallelograms 
GE, AC, CE, is equal to the prifm contained by the triangles 
GFB, AEH, and the three parallelograms GE, BE, AB S "= ^' ^"^ 
Wherefore, &g. 


PROP. XXIX- T H E O R, 

SOLID paralUkpipedom^ conjliiute upon the fame bafe^ ha* 
ving the fame altitude^ and whofe infifient right lines are in 
the fame righf line, are equal to one another • 

Let the folid parallelopipedons CM, BF, be conftitute upon 
the fame bafe AB, iiaving the fame akitude».and mrbofe jnfiftenf 
right lines AF, AG, LM, LN, CD, CE, BH, BK, are in 
the fame right lines FN, DK,;.then the folid CM is equal to . 
the folid CN. For, becaufe CH, CK, are pavallelpgramf, 
DH, EK, are each equal to CB*; therefore DH is equal to s J4, i. 
£K. Take EH from, or add to both^ then there will remain 

HK 
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Book XL HK equal to D£) and the triangle DEC equal to HKB^, ar(d 
Kt^Y'^J the parallelogram DG to HN ; but the parallelogram CF i$ e- 
b 8. I. qual to BM% and CG to BN, for they are oppofite ; therefore 
^ *4* the prifm contained by the two triangles AFG, DEC, and the 
three parallelogranfis CF, DG, CG,^ is equal to the prifm con- 
tained by the two triangles LMN, HKB, and the three paralle* 
d dcf. 10. logramsBM, HN, BN ^ ,- add, or take away the folid whofe bafe 
is the parallelogram AB, oppofite to the parallelogram G£HM ; 
then the folid CM is equal to the folid CN. Wherefore^ &c. 


PROP. XXX. T H E O R. 

SO L ID parallelopipedonSj conJlituU upon the fame hafe^ ha* 
ving the fame altitude^ and whofe injtftent right lines are naft 
in the fame right line^ are equal to one another^ 

Let there be folid parallelopipedons CM, CN, having equal 
altitudes, (landing on the fame bafe AB, and whofe infiftent 
right lines AF, AG, LM, LN, CD, CE, BH, BK, are not 
in the fame right lines \ then the folid CM will be equal to the 
folid CN. For, produce NK, DH, till they meet in R; and 
draw GE, FM, meeting in X ; likewife produce GE, FM, to 
the points O, P ; join AX, LO, CP, BR j then the folid CM, 
whofe bafe is the parallelogram ACBL. oppofite to the equal 
parallelogram FDHM *, is equal to the tolid CO ^^ whofe bafe 
^* is the fame parallelogram AB, oppofite to the equal parallelo* 

gram XR ; for they (land upon the fame bafe AB, ami the in- 
fiftent lines AF, AX, LM, LO, CD, CP, BH, BR, are in 
the fame right lines FO, DR ; but the folid CO is equal to the 
folid CN, for they have the fame bafe AB, oppofite to the 
parallelograms XR, GK, each equal . to AB, and their infift- 
cnt right lines AG, AX, CE, CP, LN, LO, BK, BR, are in 
the fame right lines GP, NR \ therefore the folid CM is equal 
to the folid CN. Wherefore, &c. 


a»4* 
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PROP. XXXI. THE OR. 

OLID parallelopipedons y conflitute upon equal hafes^ and 
having the fame altitudes^ are equal. 


Let AE, CF» be folid parallelopipedons, conftitute upon the e- 
qual bafes AB; CD -, and having the fame altitudcj the folid AE is 

equal 


J 


V? 
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equal to the folid CF. Firft, let the folids AE, CF, have the g^oj^ rgj 
infiftent lines AG, HK, LM, BE, OP, DF, CG, RS, at 
right angles fo the bafcs AB, CD ; and let the angle ALB be 
equal to the angle CRD. Produce CR to T ; -and make RT e- 
qual to LB; compleat the parallelogram Df, equiangular te 
AB or CD 5 and the folid RI, having its infiftent right lines 
at right angles to DT, and cf the fame altitude with AE or CF. 
Then, becaufe the right lines DF, RS, are at right angles to 
the plain OT, they are parallel* and equal ^ ; therefore the ^ ^'^^ 
parallelogram DS is equal and parallel io CP, TI : Therefore 
the folid CF is to the folid RI as the bafe QPt is to the bale D Pj c as- 
but OR is equal to DT ; therefore the folid CF is equal to the 
folid RL But the folid RI is equal to the folid AE j therefore 
the folid AE is equal to the folid CF : But,' if the angle ALB 
is not equal to CRD, at the point R, with the right line RF» 
make the angle TRY equal to the angle ALB ; and make RY 
equal to AL ; and compleat the parallelogram RX, and folid 
YW, Produce DR, VT, XY, to the points Q^and a ; and 
compleat the folid ae ; then the parallelograms RX, RQ^are 
eqaaHj and, becaufe RX is equiangular to AB, and the infift- ^35*;^ > 
ent line^ at right angles to the bafe RX, and of the fame alti- 
tude with the folid AE, the plains in the folid AE are equal and 
fimilar to thefe in the folid YW ; therefore the folid YW i^ ^* j ^ * 
qual to the folid AE^. For the fame reafori, the folid dW^ ^*^^ 
whofe bafe is the parallelogram RW, and ae, that oppofite to 
it, is equal to the folid YW, whofe bafe is the parallelogram 
RW, and Y/*, that oppofite to it; for they ftand upon the 
fame bafe RW, have the fame altitude, and their infiftent lines 
lU, RY, TX, TQ^SZ, SN, W^, W/, are in' the fame right 
lints a'K, Zf\ but the folid YW \s equal to the folid CFj 
therefore the folid ^W is equal to the folid CF. 

Now, let the infiftent lines ML, EB, GA, KH, NO, SD, 
PC, FB, not be at right angles to the bafes AB, CD, the folid 
AE will be equal to the folid CF. For, from the points G, K, 
E, M, P, F, S, N, let fall the right lines M/, ET, GY, K^, 
PX, FWj Na, SI, perpendicular to the plain of the bafes AB, 
CD^y meeting them in the points/, Y, gy T, X, W, I, a;« i«- 
and join/Y, Yg,, gT, T/, X^, XW, WI, la j then, becaufe 
GY, K^, ar^ at right angles to the fame plain, they are paral- 
Jel f. For the fame reafoA, M/ is parallel to ET. But MG is^ ^' ^- 
parallel to EK ; therefore the plains MY, KT, of which the 
one paffes through GY, Yf, and the other through K^, ^T, 
which ar^ parallel to GY, YF, and not in the fame plain with 
thiem, are parallel to one ^nothei^, and equal and parallel to their 
oppofite plains \ therefore /E is a parallelopipedon. It may be 
proved in f he lame manner^ that t^ is a f^vMsHofif^ion ; but 
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Book XL ^^ folid GT U equal to the folid PI ; for they 8^^ upon equal 
^^y^^ bafes> and of the fame altitude, from what has been demonfira- ' 
h ftp. or 3«. ted ; and the folid GT is equal to the folid A£ ^ | and the i^i 

XF to the folid aS v therefore the folid A£ is equal to the fold 

CF. Wherefore, &c. 


PROP. XXXII. T H E O R. 

QlOL I D paraJtehpipedons that have the fame altitude are to one 
^ another as their ba/es. 

Let AB, CD, be folid parallelopipedons, having the fame al- 
titude ; as the bafe A£ is to the bafe CF, U> is the folid AB to 
the folid CD. ' 

For, to the right line FG, apply the parallelogram FH, 
equal to the paraUelogram AE \ upon the bafe FH, comples^ 
the folid GK» of the (ame altitude as CD ; then the folid AB is 

a ^K* equal to the folid GK ^; but the folid CK is cut by the plain 
DG, parallel to the oplK>fite plain ; therefore the folid CD is to 

b is. the folid GK, as CF is to FH«>; that is^ AB is to CD as AE is to 
CF. Wherefore, &c. 


PROP. XXXm. T H E O R. 

SIMILAR folid paraUelopipedons are to one another in the 
triplicate ratio of their homologous fides. 

Let AB, CD be fimilar folid paraUelopipedons^ and let the 
fide AE be homologous to the fide CF ; then the folid AB has to 
the folid CD a triplicate ratio of that which the fide AE has to, 
CF. 

For, produce AE, GE, HE, to K, L, M; make EK equal 
to CF, EL to FN, and EM to FR ; and the angle KEL is e- 
, qual to CFN ; for AEG is equal to CFN ;, and compleat the 
parallelograni KL, and the fdid KO ; then the parallelogram 
KL is fimilar and equal to the parallelogram CN. For the 
fame reafon, the parallelogram KM is, equal and fimilar to the 
parallelogram CR, and 0£ to FD ; therefore the whole folid 
a ii^ KG is equal and fimilar to the folid CD *• Likewife, compleat 
the parallelogram HL, and folids EX, LP, upon the bafes GK> 
KL, having the fame altitude as AB, for EH is an infiftent line 
to both ^ but the folid OK U proved fimilar to CD \ and AB is 

given 
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given fimilar to CD ; therefore AB is fimilar to OK *>. Then, Book XL 

bccaufc AB is fimilar to CD, and the bafe AG to CN, as AE V>nrV-^ 

is to CF, fo is EG to FN ; and fo is EH to FR "" ; and, becaufe ^ "• «• 

FC is equal to EK, and FN to EL, and FR to EM, as AE is to *"f 7; ^' 

EK, fo is EG to EL ; and fo is the parallelogram AG to GK ; 

but, as GE IS to EL. fo is the parallelogram GK to KL *-•, and, 

as HE is to EM, fo is the parallelogram PE to KM *^5 therefore, 

as AG is to GK, fo is GK to KL ; and fo is PE to KM ; but, 

as AG is to GK, fo is the folid AB to the folid EX <»; for the d as- 

plain GH is parallel to the oppofite plains; and, as GK is 

to KL, fo is the folid EX to PL**; and, as PE is to KM, 

fo is the folid PL to the folid KO, Then, becaufe the 

four foUds AB, EX, P , KG, are proportionals, AB has to 

KO a triplicate proportion of what AB has to EX*; but, as AB cdcf, n. 

is to EX, fo is the parallelogram AG to GK <*; and fo is the 

right line AE to the right line EK *^; therefore the folid AB has 

to the folid KO a triplicate ratio of what AE has to EK ; but 

the folid KO is equal and fimilar to the iblid CD ; and the right 

line EK equal to CF : Therefore, the folid AB has to the folid 

CD a triplicate ratio of wha< the homologous fide AE has to the 

homologous fide CF. Wherefore, &c. 

CoR. Hence, if four right lines.be proportional, as the firft 
is to the fourth, fo is a folid parallelopipedon defcribed on the 
firff, to a fimilar one defcribed on the fecond* 


PROP. XXXIV. T H E O R. 

TH E b^fes and altitudes of equal folid parallelopipedons ar0 
reciprocally proportional ; and parallelopipedons^ whofe bafes 
and altitudes are reciprocally proportional^ are equal. 

> 

Let AB, CD, be / equal folid parallelopipedons ; then the 
bafe EH is to the bafe NP, as the altitude of the folid CD is to 
the altitude of the folid AB. 

Firft, let the infiftent right lines AG, EF, LB. HK, CM, 
NX, OD, PR, be at right angles to their bafes ; then, as the 
bafe EH is to the bafe NP, fo is CM to AG. For, if the bafe 
EH is equal to the bafe NP; then the altitudes CM, AG, arc 
equal. For, if the bafes EH, NP, are equal, but the altitudes 
not equal, then the folids are not equal •; but the folid AB is ■ ^h 
put equal to the folid CD ; therefore the altitudes CM, AG, are 
equal : • Thcrrfore, as the bafe EH is to the bafe NP, fo is CM 
to AG ^ Now, let the bafes be unequal, and let EH be the* ^a* 
greater^ then the altitude CM viUJbe fptMx than the altitude 

AQy 
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Bo<>kXI. / G • ^'^r thefolids are eqoa Make CT equal to AG 5 md Up*^ 
K^y^^J on PN coHjpleat the folid CV, whofe altitude is CX» Then,;be- 
caufe the folids AB, CD, are equal, and tV is feme otber felid^i 
<^ I'- 5' AB is to CV as CD is to CV^ ; but AB is to CV as the bafe 
d 3». : EH is to the bafe NP d; and, as the folid CD is to CV, fo is Ae 
e I. tf.and bafe MP to TP, and fo is MC to TC ^; therefore the bafe EH. 
3»' is to NP as MC is to CT ; but CT is equal to AG 5 therefore 

EH is to NP as MC is tp AG; And, if the bafes and altitudes ; 
.are reciprocally proportional, then AB is equal to CD. For, a* 
gain, let the infiflent right lines be at right angles to the bafes | 
then, if the. bafes are equal, becaufe the altitudes are as tbeii: 
) . bafes, the altitudes are equal 5 therefore the folids Ati| CD % 
are equal. But, if the bafes arc nqt equalv let EH be greater 
than NP, tlien the altitude ©f the folid CD is greater than the 
altitude of the folid AB j that is, CM is greater than AG. 
tut CT equal to AG> and compleatihc folid CV ; then, becaufe 
the bafe EH is to the bafe NP^ us MC is to AG; and C T is «^' 
1 9' Si qual ta y^ G ; and, as EH is to NP, fo is MC to C ff; bur, as^ 
MC IS to CT, fo is MP to PX ^; and j as EH is to NP, fo is: 
. Aft to CV <*; but, as AB is Vo CV, fo is GD to CV; therefor^ 
AB is equal to CD ^ . . ^ :.' 

. Secondly,' If the infifterjt right lines FE, BL, GA, KH, 
X!M, bo, TylC, il?, are notat right angles to the bafes 5 from 
the points F, G, B, K, X,. M,. J), .R, Jet be drawn perpen- 
diculars meeting the plain of the bafes EH, NP, in the points 
S, T, V, Y, C^Z, a, /, and compleat the folids .F V, Xa. Then, , 
if the folids be equal, their bafes and altitudes are reciprocal- 
ly proportional, Vi2^ as EH rs tol^P, fo is the altitude of CD tq - 
the altitude of A!^ f. For, becaulc the folids AB, CD, are equal, 
.and the folid AB is dqual to the folid BT^' and the folid CD to tl^e 
S 29. or 3<y. ^^^.^ j^^ g. therefore the folid BT U equ^ to the folid DZ ; feut 

tbe bafes and-^Uitudes pf equal folids, whofe infident right lin^s 
are at right angles to their bales, are proved to be reciprocally 
proportional. Therefore, as the b^rfe KF is to the bafe RX* fo 
is the altitude pf the folid D2 tp the altitude of the folid J^T ; 
biit the folids-DZi DC, have tlie feme altitude;. and the folids - 
BT, BA, have die fame altitude / therefore, the bafe EH is to 
the bafe Nt, as the altitude ojftlie folid DC is to the altitude of 
the folid AB. .. » 

Again, let the' bafes and altltud^es of the folid par all elopjpe- 
doAs be reciprocally proportional^ viz. as Wi^ is to NP, fo liet 
the a:ltitude of Cp.be.to the. altitude of AB ; then the foU'ds AB, 
CI), are equal. For, 'the fame conftruft ion remaining, as the 
' b^fe EH is to the bafe NP, To is tlie altitude pf Cfi.to Ae atti- . 
^ tude of A$ ; but the. altitudes of the folids Afe, BT, are tjie 
fame, aiid likewiffe pi", the Ipliqs Ct)k DZ j 'tjierefeie, as tic 
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bafe PK h to the bafe XR, fo is tlie altitude of the folid DZ to BootXt 
the altitude of the folid BT ; therefore the bafe and altitudes of 
the folid parallelopipedons BT, DZ, arc reciprocally propor- 
tional : But thcfe folid parallelopipedons whofe infiftent right 
lines are at right angles to their bafes, and their bafes and alti- 
tudes are reciprocally proportional, are equal to each other ; but 
the folid BT is equal to BA, for they ftand upon the fame bafe 
FK, and have the fame altitude. For the fame reafonj the folid 
DZ is equal to the folid DC ; therefore the folid AF'is equal to 
the folid CD : "Wlierefore^ folid parallelopipedons, whofe bafes 
and altitudes are reciprocally proportional, are equal. If the 
bafes are not eq*ual,^and the infiftent right lines not at right 
anglcs'to the bafes, the bafes and aititudeB may be proved reci- 
procally proportional, in the fame manner as wtien the infiftent 
right lines are at right angles to their bafes ; and in the fame 
manner, if the bafes and altitudes are reciprocally proportional) 
the fdids are equal. Wherefore, Scct 
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/TF thnrt fc two plain angles equai» and frofntk^lr ^vertices two 

. * right lines be wkvttttd aieve ti^ plains in imhich the ^amgle: are^ 
making ^tqual angles with tife lines containing the given angks ,• 

. and if, in the elevated lines ^ any points be taken^from 'ixhich per* 
pendicttlun are let fall to the plains paffing through the given right 

■ hnes \ then tkefe elevated lines Jball be ejud^lfy inclined tq the gi- 
ven plain* . 

I 

Ltt BAip, EDP, be two right lined plaift an-gfes, from whofe 
Vertices A, D, let two right lines AG, DM, be elevated above 
the plains of the faid angles, ttiaking the angles MDE, MDF, 
equal to the angles GAB, GAC, each td each ; then the angle 
MDN will be equal to GAL. 

For, if AG is not equal to DM, take AH equal to DM ; and 
from H draw HK parallel to GL;but GL is perpendicular to the 
plain paffing thro' BAC 5 therefore HK is likewife perpendicular 
to the fame plain*.- Frdm th* • points K^ N, draw the right lines a 7. 
KB, KC, NE, NF, perpendicular to the right lines AB, AC, 
DF; DF.* Join HC, CB^ MF, EF, HB, EM ; then the fquare 
of HA is e^u^l to the fqUare* of HK, KA ^, and the fquare of b 47. i. 
KA eqtial to theXquafj^s <>£ KC, CA**$ therefore the fquafe of 
AH is equal to the fquares oflriK, KC, CA; but the fquares 
of HK, KC, are equal to the fquare of HC ; for the angle HK<J 
i^ a right one : Therefore the fquare of HA is equal to the fquares 

of HC| CA4 therefore the angles JtiCA, HBA, are right 

•pnes. 
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Book XL ones «. For the fame rcafon, the angles DFM, DEM, ^re 
^^Y^^ right angles : Therefore the angle Atn is equal to DFM ; but 
c 48. 1. ^iie angle HAC <* is equal to MDF ; therefore the two triangles 
^^ HAC, MDF, have two angles, HAC, HCA, in the one, equal 
to MFD, MDF, of the other, each to each, and HA, a fide of 
the one, equal to MD, a fide of the other; therefore, the re- 
e fttf.i. naainjng fides MF, FD, are equal to HC, CA, each to each *. 
In the fame manner, AB is proved equal to DE, and BH to 
£M : Therefore, the two fides C A, AB, are equal to the two 
fides FD, DE, and the angle BAC equal to FDE ; therefore the 
bafe BC is equal to EF, the angle ACB to DFE, and ABC to 
DEF, But the angles ACK, DFN, are equal ; for each is a 
right one ; therefore the remaining angle BCK is equal to EFN. 
For the fame reafon, the angle CBK is equal to FEN. And, 
becaufe the two triangles BCK, EFN, have the two angles 
CBK, BCK, in the one, equal to the two angles FEN, EFN, 
each to each, and a fide BC equal to £F: therefore the fide FN 
is equal to CK®« But AC is equal to DF ; therefore the two 
fides AC,' CK, are equal to the two fides DF, FN, and they 
contain right angles ; therefore the bafe AK is equal to D^* 
And, fince AH is equ^ to DM, their fquares are equal ; but 
the fquares of AK, KH, are equal to the fquare of AH, and the 
fquares of DN, NM, equal t6 the fquare of DM ; for the angles 
AKH, DNM, are right angles ; therefore the fquares of AK, 
KH, are equal to the fquares of DN, NM« and the fquares of 
AK, DN, equal ; therefore the fquares of KH, MN, are equal j 
that is, the right line HK equal to MN 5 therefore the angle 
^ ^ *• H AK is equal to MDN f , that is, GAL equal to MDN : 
"Which was to be dcmonftrated. 

CoR. Hence, if two right lined plain angles be equal* from 
whofe point equal right lines are elevated on the plain of the 
angles containing equal angles with the given lines, each to 
each ; perpendiculars drawn from the extreme points of thefe 
elevated lines to the plain of the given angles^ are equal to one 
another* 
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Let the three proportional right lines be A| B, C, viz. A togo^i^iQ;^ 
B as B is to C ; then the folid made with A, B^ C, is equal to 
the equiangular folid made from B.. 

Let E be a folid angle contained under the plain angles DEF» 
GEF, GED ; make GE, EF, DE, each equal to B ; and com- 
pleat the folid parallelopipedon EK. Again* put LM equal to 
A ; and at the point L, with the right line LM, make a (olid 
angle contained under the three plain angles NLX, XLM^ 
MLN, equal to the folid angle £ *• ^ ^ 

Then, becaufe LM, LN, EF, EG, or ED, and LX, are e- 
qual to the three proportional lines A, B, C; therefore, as LM 
is to EF, fo is GE to LX ; therefore the fides about the equal 
angles GEF, MLX are reciprocally proportional ; and the pa- 
rallelograms MX, GF, equal ** ; and fince the two plain angles b 14.4;. 
GEF, XLM, are equal, and from the points N, D, are drawn 
the equ^l perpendiculars NL, i)E, at right angles to the plain 
paffing through XLM, GEF*=; therefore the folids LH, EK,^^^^ 
have the fame altitude; but their 'bafes MX, GF, are equal; 
therefore the folid HL is equal to the folid EK<^; but HL is made d 3 r« 
of the three right lines A^ B, 0, and KE of the right line B. 
Wherefore, &c. 


PROP. XXXVn. THE OR. 

XFfour right lines are proportional^ the fimilar folid parallelopi* 
•*• pedonsaefcribed from them Jball be proportional : and if th^ 
jimilar folid parallelopipedons be proportional^ then the right lines 
they are defcribedfromfball be proportional* \ 

Let the four right lines AB, CD, EF, GH, be proportional, 
viz- AB to CD, asEF is to GH ; and let KA, LC,ME, NG, 
be the fimilar parallelopipedons defcribed from them ; then KA 
is to LC as ME is to NG. 

For, becaufe the folid parallelopipedon KA is fimilar to LC^ 
KA is to LC in the triplicate proportion of AB to CD ■. For* ^^ 
the fame reafon, the folid ME is to NG in the triplicate pro- 
portion of EF to GH ; but AB is to CD as EF to GH ; there-. .. ^ 
fore AK is to LC as ME to NG «>. And, if AK be to LC as 
ME to NG, then AB is to CD as-EF is to GH- For, becaufe 
AK has to LC a triplicate proportion of AB to CD ■, and ME to 
NG, a triplicate proportion of EF to GH j therefore AB is to 
CD aft EF to GH ^ Wherefore, &c. 

PRO P. 
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P 1^ OP. XXXVIII. T H E Q R. 

TF a plain be perpendicularto a plain^ and a line^ be drawn front 
* a point in fine of the plains perpendicular to the other plain-, 
that perpendicular Jball fall in the commonfedlion of the plain* 


i& 




Let the plain CD, b^ perpendicular to AB 5 and, in the plain 
CD, any point E be taken, from which let fall the perpendicu- 
lar EG J then EG fliall be perpendicular to the common fe£lion 
AD. 

For, if not, let it fall without the common feftion, as EF, and 

a def« 4- draw FG in the plain EGF, perpendicular to AD * ; then, be- 

. caufe FG is perpendicular to the plain CD, and the right line 

b def. 3. EQ Jn the plain CD touches it, the angle FGE is a right angle^; 

but EF is alfo at right angles to the plain AB ; therefore the 

angle EFG i^ a 'right angle : Therefore two angles in the trjgngle 

c 17. i^ FGE are equal to the two right angles ; which Qannbt be ^; 

therefore the right line drawn from the point E perpendicular 

to AB, does not fair without the line AD ; therefore muft fall 

, on it. Wherefare, &c. 


PROP. XXXIX. T H E O R. 

t 

T F the fides of the ppofite plains of n folid paralklopipedoa 
•*• be divided into two equal parts , and plains be drawn thro* 
their common JeElionSy the cortmon feElion of t he fe plains ^ and the 
diameter ofthejolidparallelopipedin (hall bifedl each other. 

Let the fides of CF, AH, tb^ oppofite plains of the folid paral- 
Iclopipedon AF^ be ea<:h bifefted in the points K, L, M , N, 2?, 
0,P, Jl ; let the plains KN, XR, be drawn through the fecftions ; 
^ndlet TSbe the common feftion of the plains, and DG the 
diameter of the folid ; then YS, DG, will bifeft each other. 

For,. join DY, YE, BS, SG \ then, becaufe DX is parallel 

* *P? '• to OE, the alternate angles DXY, YOE, ar^ equal ^ and, be- 

caufe PX is equal to OE, and YX to YOj and they contain e- 
qual angles, the bafe DY is equal to YE, and the triangle 
DXY to YOE, the angles in the one equal to the angles of the 

* ** '* other, each to each**, viz. the angle. XYD equal to tnc angle 
c 14. I. OYE, and OEY to XDY; therefore DYE is a right line ^ 

For the fame reafon, BSG is a right line, and BS eqmal to SG. 

Then, 


f 
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i Thcn,becaufe CA is equal and parallel to DB, and toEG^DB Book XI, 
i is parallel to EO% and DE to GB <«; but D, E, G, B, Y, S, \-^VN,y 
; arc points taken in each of them. Join DG, YS ; then DG, <* 34. 1. 
TS| are in one plain f ; and, fince DE is parallel to GB, the f |^' 
angle EDT is equal to BGT •; but the angle DTY is equal to the a ip. ,. 
angle GTS «; therefore DTY, GTSj are two triangles, having g rs. 1. 
the angles YDT, DTY, equal to the two angles SGT, GTS, 
each to each, and the fide YD equal to G8 ; therefore DT is c- 
qual to TG, and YT to TS *. Wherefore, &c. h ts. x. 


P R O P. XL. T H E O R. 

* 

IP two triangular pri/ms of equal altitudes f the hafe of one of 
I* vfbichis a parallalelogram, and the other a triangle, and, if 
the parallelogram be double the tri^ngle^ the pri/ms.are equal to 
each other. 


Let ABCDEF, GHKLMN, be two prifms of equal altitude ; 
let the parallelogram AF be the bafe of the one, and the triangle 
GHK the bafe of the 'other ; apd, if AF be doubk GHK, the 
prifms are equal. 

For, compleat the folids AX, GO ; then, becaufe AF i| 
double GHK, and the parallelogram HK double the triangle 
|GHK '; tl|e parallelograms AF, HK, ^re equal ; therefore the a 41. i. 
iblids AX, GO, are equal b; but the half of equal things are b 31. 
riqual ; therefore the prifm GHKLMN is equal to the prifm 
ABCDEF; for each is half the folids GO, AX ^ Wherefore, c a^ 
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P R O p. I. T H E O R. 

IMTL a R polygons infcribedin circles^ are to one another oi 
thefquares of the diameteri of the circles. 


Let ABCDE, FGHKL, be circles, in which are infcribed the 
fimilar polygons ABCDE, FGHKL; let BM, ON, be the 
diameters of the circles 5 then the polygon ABCDE is \Sf 
FGHKL as BM fquare is to GN fquare. 

For, Join BE, AM, GL, FN \ then, becaufe the polygons; 
^re fimilar, the angles BAE, GFL, are eqiial ; and BA is to 
AE as GF to FL5 wherefore the triangles ABE, FGL, ^re c- 

%C,i. quiangular*; that is, the angle AEB equal to FLG, and thei 
fides about them proportional 5 but the angle AMB is equal tq 

t XI. 3- AEB *>, and FLG to FNG *>: therefore the angle AMB is equal 

« 31- ^3' to FNG, the angle BAM to GFN<=, and the remaining angle. 
^BM to FGN : Therefore the triangles AMB, GFN, are equi' 

d 4- ^- angular, and BM is to GN as BA is to GF^j but the triangle 
ABM is to the triangle FGN in the duplicate ratio of AB to 

c w. 6. GF% and the polygon ABCDE is to the polygon FGHKL m 

f ao. tf. the duplicate ratio of AB to GF f ; but the triangle ABM is to 
the triangle FGN in the duplicate ratio of BM to GN ; there- 
fore the polygon ABCDE is to the polygon FGHKL in the dui 

g n- s. pligat^ ratio of BM to CN>. Wherefprc, &c, 
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Book XII 
PROPtl. BOOKX. LEMMA, 

■ I 

TF there he twd unequal magnitudes , from the greater he taken 
-*• ii ipart greater thdn its haif^ and from the remainder d part ta* 
ken greater thdn its half $ this may be done till the magnitude re* 
maining be lefs than any propo fed magnitude. 

Let AB and C be two unequal, magnitudes, ot which AB id 
the greater ; from AB let a part BH be taken greater than the 
ha^f, aild from the remainder AH a part KH greater than hi 
half; and fo on, till the remaining magnitude, which let be 
Alt» be lels than the afiigned magnitude C. Let C be multi-' 
plied till it become greater than AB, which let be DE, aiid di- 
vide it into the parts DF, FG, GE, each equal to C. Then, 
becau(e DE is greater than AB, and, the part EG taken from it 
lefs than the half thereof, and the part BH greater than the 
half of AB, there remains DG greater than AiJ. Again, be- 
caufe GD is greater than HA, and GF, half of GD, is taken 
from it; and if from HA be taken HK greater than the half of 
HA, there will remain FD greater than KA; but FD is equal 
to C ; therefore KA is lefs than C. Which was required. 


c 


PROP. 11. THE OR. 

IRC LE S are to each other as the fquares t^ihilr didmi* 
ters* 


Ler ABCD, EFGH, be circles, whofe diameters arc BD, 
PH ; then, as the fquare of BD is to the fquare of FH, fo is the 
tircle ABCD to the circle EFGH. If not, the circle ABCD 
will be to fome figure either lefs or greater than the circle 
EFGH. 

Firft, let it be to a figure S, lefs than the circle EFGH, in 
which infcribe the fquare EFGH, which will be greater than 
half the circle. For, if tangents are drawn to the circle, thro* 
the points E, F, G, H, th6 fquare EFGH will be half the fquare 
defcribed about the circle ; but the circle is lefs than the fquare 
defcribed about it ; therefore the fquare EFGH is greater than 
half the circle. Let the circumferences EF, FG, GH, Hfi, be 
bifefted in the points K, L, M, N, and joia EK, KF, FL, LG, 
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Book XII GM, MH, HN, NE, and if tangents are drawn from the point* 
K, L, My N, and parallelograns compleated upon EF, FG, 
Gft and HE; then each of the triangles EltF, FLO, GMH, 
• 4if !• HNE^ yn}l be equal to half the parallelogram *, and therefore 
greater than half the fegment of the circle it ftands in ; if th^ re* 
roainmg^ fegments are bifefted, and triangles drawn, as befpire ; 
and thisoe continued till the fegments ate lefs than the excefe bj^ 
. - which the circle EFGH exceeds the figure - S ^. Lek thefe ht 

the fegments cutoflFby the right lines EK, KF, FL, LG, GM, 
MH, HN. NE ; then the rcrtiaihing polygon EKFLGMHN 
will be greater than the figure S. 

Defcribe the polygon AXBOCPDR, in the circle ABCD, 

CI. finiilar to the polygon EKFLGMHN*^; theh, as the fqaarc of 

BI^ IS to the fqaare of FH, fo is the circl^e ABCD td the figure 

^ hyp- 8 «; and, as the polygon AXBOCPDR to the polygoh 

« ". ^ EKFLGMHN, fo is the circle ABCD to the figure S % but the 

f Circle ABCD is greater than thfe polygon in it ; therefore 

*• ^* the figure S is gi-eater than the polygon EKFLGMHN f; but 

it is left ; which is abfurda therefolrc the fqnare of BD to the 

fijuare of FH is not as the circle ABCD to foihc figure lefs than 

the circle EFGfl. In like manner, it i« proved that the fquare 

of FH to -the fquare of BD is not td the circle EFGH as foinc . 

jSgure lefs than the circle ABCD. 

Laftly, the fquare of BD to the fquare of FH, is not as the 
ciVcle ABCD to fome figure greater than the circle EFGH. 

For, if poffible, let it be to the figure T, greater than the circle 
EFGH; then, inverfely, the Tquare of FH is to the fquare of 
BD as the figure T is to the circle ABCD ; but, becaufe T is 
greater than Ae circle EFGH, 1" ^ill be to the circle ABCB 
as the circle EFGH is to fome figure'Iefs than the circle ABCD, 
which is proved impoflible; therefore the fquare of BD to the' 
fqtjare of FH is hot as the circle ABCD to fomfe figure kfs than 
Aie circle EFGH, nor to one greater ; therefore^ a& the fquare of 
JKD is to the fquare (rf FH, fo is the circle ABCD to the circle 
tiFGH. Whctcfbre, &c» 


PROP. m. T H E O ft, 


EVE RT pyramul having a triangular bafe, may be divided 
into two pyramids y equal and fimtlar to one another^ having 
triangular bd/es^ andfimilar to tht 'whole pyramid ; and into tw& 
Ipqualfrifms ; which t^vDv fr^nu ategrtater than the half of the 
^hole pyramid 

Let 


6P E U C L I ©• tjj 

lict ttie^ be ft pyramid, ^hofe b&fc is the triangle ABC^ a^df^^J^S 
Tcrtex the point JM, then the pyramid ABCM may be dirided in- ^^V^r 
to two pyramids, equal and fimilar to one another, having tri- 
angular bafes, and fimilar to the whole; and into two equal 
' prifms ; which two priims are greater.chan the half of the whole 
pyramid. 

[ For, bifea AB, BC, AC, MA, MB, MC, in the points ^ 
I, N, G, M, K, L; join EH, EG, EK, EN, HG, HK, 
HL, KLy KNa ^G i then, beeaufe A£ is equal to £B, and 
I AH to HM, EH is parallel to MB •, and KH to AB ^ but AE* »" ^' . 
I is fcijual to iCH j for each is equal to EB ; therefore the two fides ^ *• 
► AE, AH, are equal to the two fides SH, HftI, the angle MHK^ ^ ^ . 
e^tial to HAE *! thertfore the bafes EH, M^, arc equal ^, and ^ ^'j]' 
the triangle AEH equal and fimilar to KHM. For the (zmt 
reafon, AHG is eoual and fimilar to MHL. And, beeaufe AE, 
AG, are equal ana parallel tb HK, HL, eachto eath, the angle 
KHL i6 equal to EAG, and the bafe KL to EG ^4 tberefore the« <•• <it 
triangles KML, EHG, are equal and fimilar; therefore the py* 
[ ramia, whofe bafe is the triangle AEG, and vertex the point H^ 
■ is eqiial tod fimilar to the pyramid whofe bafe is the triangle 
^ HKL> euid Vertex the point M^; and, beeaufe UK is parallel tof def. x«« 
AB^ the <fide of the triangle AMB, the triangles AMB» "« 
MHK,are fimilar*. For the fame reafon, the triangle MBG is 5 *• ^* 
fimilar to MKL, and the triangle AMC to MHL ; but the angles 
, KHL, BAG^ $ire equal, and the triahgles fimilar ^; therefore 
the 'Pyramid ABCM is fimilar to HKLM; but the pyramid • 
AEBG is proved fimilar to HKLMy tberefore fimilar to on^ a-li %i. ii 
tiothcr^'andfimil r to ABCM. 

A^in» beeaufe BN is equal to NCj the paaallelogra^ BG is 
double the triangle GNC > ; therefore the prifm Contained byi 4X. x* 
i the tw'O triangles BKN, EHG, and the three paralklograms 
^ i6i BH, KG, is equal to the prifiti contained by the two trbngles 
K6C, KHL, and thethree parallelograms KG,GL, NL, the one 
1, bf Which is conftitote upon the parallelogram BG, andoppofite to 
\ it the tight line KH ; the other upon the triangle GNC, and op- 
i |>bfite tb it the triangle KHL ; and the. parallelogram BG is 
I dotible the triangle GNC, and have the fame altitude ; therefore 
r ^ey arte equal ^ ; but either of thefe prifms is greater than the k 40. ix. 
i pyraifiid AEGH, or HKLM 5 for the prifm EBNGHK is great- 
L ^r thali the pyramid EBNK, which is equal to the . pyramid 
L AEGH^ or HKLM; wherefore the prifm EBNGHK is greater 
I than the pyramid AEGH, or HKLM.; therefore the prifm 
I GNCHKL, is likewife greater than the pyramid HKLM ; 
W %iit the prifiiis are eqilal ; therefore, together, are greater titan 
' Hit two pyramids ; theri^ore the ivhok ^pyramid is dhrided into 
^ tvfo equu pyramids fitnilar to the wkolet and to one aHotkef ^ and 
* into 


L. 
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BookXII into two equal prifms, which two prifms together are greater 
than half the pyramid. . 


P R O P. IV. T H E, O R. 

T F there are two pyramids of the fame altitude^ having trian- 
*■• gular ba/eSf and each of them divided into two pyramids equal 
to one another J andjimilar to the nvhole^ and into two, equal prifms; 
andf if each pyramid he divided in the fame manner ^ ana this be done 
continually; then^ as the bc{fe of the one pyramid is to the bafeof 
the other ^ fo are all the prifms in the one pyramid to all the prifms 
in the other^ bring equal in number. 


) 


Let there be two pyramids of the fame altitude^ having the; 
triangular bafes ABC, D£F, and vertices the points M, H, andf 
each of them divided into two pyramids, equal to oiie another^ 
and fimilar to the .whole, and into two equal prifms ; and if, in'^ 
like manner, each of the pyramids made by the former divifion / 
be fuppofed divided, and this be done continually ; then, as the : 
bafiP ABC is to the bafe DEF, fo are all the priims in the pyra- 
mid ABCM to all the prifms in the pyramid DEFH, being equal 
in number. 

For, let the pyramid DEFH be conilru£ied fimilar to the py- i 

ramid ABCM ; then, all the triangles defcribed in the bafe 

'^ ABC being fimilar to the whole, and to one another ; and alfo l 

thofe in DEF, being equal in number to the triangles in ABC } 

then ABC will be fimilar to NGC, and DEF to RQF; and, as 

* ^f ^- BC is to NC, fo is EF to FQ^; therefore ABC is to NGC as 
b »a. 6. j)£y jg ^o RQF b. And, altern. as ABC is to DEF, fo is NGC 

to RQF ; but, as NGC is to RQF, fo is the prifm GNCLHK 

* is. n*! to the prifm RQFTST<^ : But the two prifms in the pyramid j 
li 3. ' ABCM are equal to one another ^, as alfo the two prifms in ' 

the pyramid DEFH ^ wherefore the prifm, whofe bafe is the pa- I 
rallelogram EGNB, and oppofite bafe the right line KH, is to ^ 
the prifm, whofe bafe is the triangle NGC, and oppofite bafe 
the triangle HKL, fo is the prifm whofe bafe is the parallc- 
gram EVRQ^, and oppofite bale the right line ST to the 
prifm whofe bafe is the triangle RQF> and oppofite to it 
the triangle STY ^, compound, as the prifms EBNGKH,^ 
GNCLHK, together, are to the prifm GNCLHK, fo the prifm5 
PEQRST, RQFSTY, together, are to RQFSTY; altern. ail 
the prifms EBNGKH, GNCLHK, together, are to the prilm^* 
PEQRST, RQFSTY, together, fo the prifm GNCLHK t 
RQFBTY } but die prifin GNCLHK h to the prifin RQFST 



;y 
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as the bafe GNCto the bafe RQF and fo is the bafe ABC toBookXII 
the bafe DEF ; thereifore, as thebafe ABC is to the bafe DEF, 
io arc the two prifms in the pyramid ABCM to the two prifms in 
the pyramid DEFH. For the fame reafon, the prifms in the py- 
ramids HKLM, STYH, or any other pyramids made by any of 
the former divifions, are to each other as their bafes 5 wherefore, 
all the prifms in the pyramid ABCM are to all the prifms in the 
pyramid DEFH as the bafe ABC to the DEF, Wherefore, &c. 


p 


P R O p. V. and VI. T H E O R. 

TR AMI D S of the fame altitude^ having triangular or 
. polygonous bafes , are to one another as their bafes. 


Firft, let ABCM, DEFH, be pyramids of the fame altitude, 
having the triangular bafes ABC, DEF ; then the pyramid 
ABCM is to the pyramid DEFH as the bafe ABC is to DEF; 
and fo are any number of pyramids to their triangular bafes* 

If not, let the bafe ABC be to the bafe DEF as the pyramid 
ABCM is to fome folid Z, lefs than the pyramid DEFH, which 
divide into two pyramids equal to each ofher, and into two 
f nfms which are greater than half of the whole pyramid ; and, 
if the pyramids made by the former divifion be divided in the 
fame manner, till fome pyramids in the pyramid DEFH is found 
lefs than the excefs by which the pyramid DEFH exceeds Z. 
Let thefs: pyramids be DPRS, STYH, Let the pyramid 
ABCM be divided into the fame number of (imilar parts, as the 
pyramid DEFH ; then are the prifms in the pyramid ABCM to 
the prifms in the pyramid DEFH *, as the bafe ABC is to ^ ^- 
DEF ; but the bafe ABC is to the bafe DEF as the pyramid 
ABCM to the folid Z *>; therefore the pyramid ABCM is to thcb hyp. 
folid Z 33 the prifms in ABCM to th6 prifms in DEFH ; but 
ABCM is greater than the prifms in it j therefore the folid Z 
is greater than the prifms in DEFH^ \ and likewife lefs ^\ which c 14. s- 
is abfurd ; therefore the bafe ABC is not to the bafe DEF as the 
pyramid ABCM to fome folid lefs than DEFH* For the fame 
reafon, the bafe DEF is not to the bafe ABC as the pyramid 
PEFH to fome folid lefs than ABCM ; bujt ABC is not to 
DEF as ABCM is to fome folid I, greater than DEFH. For, 
if poffible, DEF is to ABC as I to ABCM <»; but the folid I is.d invcrf. 
greater than DEFH -, then, as I is to ABCM, fo is DEFH to 
fome folid lefs than A3CM j which is proved abfurd ; therefore 
ABC to DEF is not as ABCM to fome folid greater than 
DEFH ; but it was alfo proved not to be to foiAe folid lefs than 

PKFH J therefore ABC i§ to DEF as ABCM is to DEFH.' 

For 
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J^fjf^j For Ac fame reafon, In the pyramids ABCDEM, FGHKIN, 
*^VW fig, 6. the pyramid ABCM is to tbe pyramid ACDM at tW 

bafe ABC is to the bafe ACD ; and ACDM is to ADEM 91 
. ACD is to AED ; therefore the vrhole ABCDEM is to ABCM 

• "' -Sf" as ABCDE to ABC ". For the fame reaftwr, as FGHKLN i» 

to FGHKL as FGHN is to FGH ; if ABCDE is equal to 

FGHKL, the pyramid ABCDEM is equal to FGHKLN ; if 
, greater, greater, and, if lefs, lefs ; ' therefore, as the bafe 

ABCDE is to the bafq FGHKL, fo is the pyramid ABCDEM 
e ta. s- to the pyramid FGHKLN «; Wherefore, &c. 

P R O P. Vn- T H E R. 

EV E RY pfrifm^ having et triangular hafey may be divide 
into three pyramids ^ equal to one another ^ and having triaih- 
gularhafes. 

Let there be a prifm, wliofe bafe is the triangle ABCj and 
the oppofite bafe to that the triangle DEP 5 then the pHfm 
ABCuEF inay be divided into thiee equal pyramids, having 
triangular bafes. 

For, join BD, EC, CD ; then, becaufe ABCD is a paralje- 
lo^ram, whofe diameter is BD *, the pyramid v^hofe bafe is the 
b 5. ud 6. ^'"'^"g'^ ABD, and vertex the point C, is equal to the pyramid 
' whofc bafe is the triangle EBD, and vertex the point C *'; but 
the pyramid whofe bafe is the triangle EBD, and vertex th^ 
point C, is equal to the pyramid whofe bafe is the triangl<j 
£BC, and vertex the point D ; for they are contained by the 
fame plains; therefore the pyramid ivhofe bafe is the trianglq 
ABD, and vertex the point C, is equal to the pyramid whofe 
bafe \^ the triangle EPC, and vertex the point D. 

Again, becaufe FCBE is a parallelogram whofe diameter is 
CE> the triangle ECF is equal to the triangle CBE •; therefore 
the pyramid whofe^fe is the triangle BEC, and vertex cb« 
point D, is equal to the pyramid whofe b^f^^ is the triangle C£F, 
and vertex the point D ^ t But the pyramid whofe bafe is the tri- 
angle BEC, and vertex the point D, has been proved equal to 
. the pyramid whofe bafe is the triangle ABD, and vertex the 
point C ; thereforei alfo the pyramid whofe bafe is the triangle 
CEF, and vertej: the point D, is equal to the pyramid whofe 
bafe is the triangle ABD, and vertex the point C 5 therefore 
the prifm ABCDEF is divided into three pyramids, equal to one 
anodier, and haying triangular bafes. And, becaufe the pyra- 
mid whofe bafe is the triangle ABD, and vertex the point C| 
18 the fame with the pyramid whofe bafe is the triangle ABC. 

and 
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and vertex the point D, for. they are contsBned .by the fame ^Q^^^ XII 
plains; and the pyramid whofc bafe is the triang'Ie ABD, and 
vertex the point C, has been proved to be a third part of the 
prifm, having the faiiie bafe, viz. the triangle ABC, and the 
oppofite bafe the.triangle DEF : Which was required. 

Cor. I. Hence every pyramid is a third part of a prifm, ha- 
ving the fame bafe, and an equal altitude j for, if the bafe of a 
prifm be of any other figure, it can be divided into prifms, 
having triangular bafes. 

II. Prifms of the fame altitude are to one another as their 
bafes. 


PROP. VIII. T H E O R. 


s 


IMILAR pyramids y having triangular bafes ^ are in the. 
triplicate ratio of their homologous fides. 


Let the two pyramids whofe bafcs are ABC, DEF, and ver- 
tices the points G, H, be fimilar and alike fituate, tfien the py- 
ramids ABCG, DEFH, are to one another in thj^ triplicate ra- 
tio of BC to EF. 

For, compleat the parallelopipedons BGML^ EHPO, then 
each contain two equal prifms, having triangular bafes *; and a* *3. ii. 
pyramid' is on© third of a prifm, having the fame bafe and alti- 
tude ^; but (imilar folid parallalelopipedons are to one another ^ 7. 
in the triplicate ratio of their homologous ^idita *^, and parts have c 33. n. 
the fame proportion as their like multiples'*; therefore the pyra- d 15. 5. 
raids ABCG, DEFH, are to one another in the triplicate ratio 
of their homologous fides. Wherefore, &c. 

CoR. Hence fimilar pyramids, having polygonous bafes, are 
to one' another in the triplicate ratio of their homologous 
fides. '' . 


P R O IP. IX. T H E O R. 

THE bafes and altitudes of equal pyramids ^ having triangu- 
lar bafes f are reciprocally proportional ; and thofe pyra- 
mids y having triangular bafes y luhofe bafes and altitudes are reci' 
frocallj prcfortionaly are equal* 


S 


Let 
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Book XII Let the pyramtds whofe triangular bafes are ABC, DEF, and 
'^^-^'V^^^vertices the points G, H, be equal ; then the bafe ABG is to 
the bafe DEF, as the altitttde of the pyramid DEFH is to the 
altitudeof the pyramid ABCG. ^ • 

For, compleat the foiids BGML, EHPO •, then, becaufe the 
pyran^ids ABCG, DEFH, are equal, the foiids ABGML, 
a 28. II. EHPO, are equal*; bu)C equal folid parallelopipedons have their 
b ^ A. 11 ^^^^ ^^^ altitudes reciprocally proportional ^; therefore the py- 
ramids ABCG, DEFH J have their bafes and altitudes recipro- 
c IS. s. cally proportional *-*; and, if their bafes and altitudes are reci- 
procally proportional) they are equal. For, the fame conftruftion 
remaining, the folfd parallelopipecjons, whole bafes and altitudes 
are reciprocally proportional, are equal ; therefore pyramids of 
the fame altitudes with the foiids, having their bafes and alti- 
tudes rccii^rocally proportional, are likewife equal*^. Where- 
fore, &c. 


a 2 


PROP. X. T H E O R. 




V E R T cone is the third part of a cylinder^ having the fame 
hafe^ and an equal altitude^ 


Let there be a cone and cylinder, having the fame bafe, viz* 
the circle ABCD, and their altitudes equal, then the cone is 
one third of the cylinder ; that is, the cylinder is triple the cone. 
If not, it will be either greater or lefs than triple the cone. Firft, 
let it be greater, and let a polygon AEBFCGDH be infcribed 
in the circle ABCD, and let the fmall fegments AE, .EB, BF, 
. FC, CG, GD, DH, HA, the excefs by which the circle ex- 
ceeds the polygon, be lefs than any afligned magnitude ; and, up- 
on the circle and polygon let a cylinder and pyramid be defcri- 
bed, of the fame altitude with the cone ; and, upon the remain- 
ing fegments, the remaining parts of the cylinder, which let be 
lefs than the excefs by which the cylinder exceeds triple the cone; 
* therefore the prifm whofe bafe is the polygon AEBFCGDH, and 
altitude the fame of the cone, is greater than triple the cone ; 
6 y, but the prifm is ulple the pyramid of the fame bafe arid altitude 

of the cone ^; therefore the pyramid is greater than the cone, 
and likewife lefs, as included in it ; which is abfurd ; therefore 
thc'cylinder is not greater than triple the cone, neither is it lefs; 
for then, inverfely, the cone would be greater than one third of 
the cylinder; for, the fame conftruftion remaining, the pyramid, 
whofe bafe is the polygon AEBFCGDH, and vertex the fame 
of the cone, is greater than one third of the cylinder ; but the 

pyramid 
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pyramid is one third of the prifm conftitute on the fame bafe,,BookXll 
and having the fame altitude ; therefore the pyramid whofe bafe ^ "^ 
is the polygon AEBFCGDH, and altitude the fame of the cone, 
is greater than the cone whofe bafe is the circle ABCD ; and 
likewife lefs, as contained in it ; which cannot be j therefore the 
cylinder is not lefs than triple the cone Therefore, fipce nei- 
ther greater nor lefs, it muft be triple the cone. Wherefore, 
&c. 


c 


PROP. XI. THE OR. 

ONES and cylinders y of the fame altitude ^ are to one and* 
therj as their hafes. 


Let there be cones and cylinders of the fame altitude, whofe . * 
bafes are the circles ABCD, EFGH, and axes KL, MN, and 
diameters of their bafes AC, EG ; then, as flie circle ABCD is 
to the circle EFGH, fo is the cone AL to the cone EN* If not, 
the circle ABCD is to the circle EFGH, as the cone AL is to 
fome folid greater or lefs than the cone EN. Firft, let it be to i 
folid X lefs than the corfe ; and let the folid I be equal to the excefs 
, of the cone EN above the folid X; then the cone EN is equal to the 
folid I and X together. Let a polygon HOEPFRGS be infcri- ' 
bed in the circle EFGH, of which the remaining circumferences 
HO, OE, El^, PF, FR, RG. GS, SH, are lefs than any 
aiTigned magnitudes. Upon the polygon HQEPFRGS let a 

f pyramid be defcribed, of the fame altitude with the cone, and 
et the remaining fegments of the cone defcribed upon the cir- 
cunrferencesHO, OE, EP,PF,FR,RG, GS,*SH, and vertex the 
fame as the pyramid be lefe than the folid I ; therefore the pyra- 
mid HOEPFRGS, and altitude the fame of the coiie, will be 
greater th^n the foiid X. 

Upon the circle ABCD let the polygon DTAYBQCV be 
defcribed fjmilar and alike Ctuate to HOEPFRGS, and kt ^, 
pyramid EN be ereded, of the fame altitude as the cone AL • 
but the polygons DTAYBQCV, HOEPFRGS, are to one ano- 
ther as the fquares of their diameters AC, EG *, and the dircles^ ^* 
ABCD, EFGH, are to one another as the fquareS of their dia- 
meters AC, EG ^5 therefore, as the circle ABCD is to theb a. 
circle EFHG, fo is the polygon DTAYBQCV tc the polygon 
' 'HOEPFRGS ; but, as the circle ABCD is to the circle EFGH, • 
fo is the cone AL to the folid X 5 therefore the polygon 
DTAYBQCV is to the polygon HOEPFRtiS ^ ?.s the conec 13. 5, 
AL is to the folid X^j but ttie pyramid DTAYBQCVL is tod hyp. 

the 
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Book XII t^^ pyramid HOEPFRGSN as their bafes *f therefore the pyra- 

^^^.^^.^ mid DTAYBQCy L is to the pyramid HOEPFRGSN as the 

cs.andtf. ^one AL is to the Iblid X ; but the pyramid is greater than the 

folid X, and the cone AL graeater than the pyramid in it j 

therefore, likewifc the cone EN is greater than the pyramid in 

it; but the pyramid in the cone EN is greater than X ; therefore 

the cone EN is much greater than X ; but it was put lefs ; which 

1 is abfurd ; therefore the circle ABCD, to the circle EFGH, is 

not as the cone AL to a folid lefs than the cone EN ; and it is 
I proved, in the. fame manner, that the circle EFGH is not to the 

circle ABCt), as the cone EN is to a folid lefs than the cone 
; AL. . 

f Again, the circle ABCD to the circle EFGH, is not as the cone 

> AL to a folid Z greater than the cone EN j then, inverfely, as 
j • the circle EFGH is to the circle ABCD, fo is the folrd Z to the 
' , cone AL ; but the folid Z is greater than the cone EN. Then, 

as the folid Z is to the cone AL, fo is the cone EN to fome fo- 

► lid lefs than the cone AL ; therefore, as the circle EFGH is 

to the circle /'.BCD, fo is the cone EN to fome folid lefs than 
the cone AL ; which is impoifible ; therefore the circle ABCD 
to the circle EFGH is not as the cone AL to fome folid greater 
or lefs than EN, therefore, to the cone pN; but, as cone is to 

. f IS. 5. cone, fo is cylinder to cylinder f. Wherefore, &c. 


P R O P. XIL T H E O R- 

^ OIMILAR cones and cylinders are to one another ^ in thetri* 

y^ plicate ratio of the diameters of their bafes, 

> 

f' • Let there be fimilar cones and cylinders, whofe bafes are the 

• circles ABCD, EFGH, their diameters BD, FH, and axes of 

the cones and cylmders KL, MN; then the cone whofe bafe is 

^ the circle ABCD, and vertex the point L, to the cone whofe 

bafe is the circle EFGH, and vertex the point N, hath a tripli- 
cate ratio of BD to FH. 

For, if the cone ABCDL be not to the cone EFGHN, in 
the ti:iplicate ratio of BD.to FH,let it be in the triplicate ratio to 
fome folid greater or lefs than the cone EFGHN. Firft, Jet it 
be to a folid X, lefs than the cone EFGHN, and let the polygon 
EOFPGRHS be the greateft polygon pofFible infcribed in the 
circle EFGH ; that is, that the excefs of the circle above the in- 
fcribed polygon be lefs than any affigned magnitude ; upon the 
polygon EOFPGRHS let a pyramid be defcribed, of the fame 

altitude 
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^titude df the cone, and the fegmentsof the cone defcribedupon BpokXU 
the fegment of the circle, greater than the polygon, be lefs than 
the excefs by whteh the cone EFGHN exceeds the folid X ; then 
the pyramid defcribed on the polygoa EOFPGRHS, of the fame 
altitude as the cone, is greater than th? folid X. Let^the poly- 
gons ATBYCVDQ^be infcribed in the circle ABCD, fimilar 
to the polygon EOFPGRHS % and upon it defcribe a pyramid * i^. 6% 
of the fame altitude of the cone. For, upon' the polygon 
EOFPGRHS, fuppofe prifms erefted, of the fame altitude of 
the cone ; then thefe prifms ate to, one another as their bafes ^. b 31. n. 
For the fame reafon, the prifjns defcribed on the polygon ^^^ **• ^" 
ATBYCVDQ^ equiangular to thofe on the polygon EOPGRHS, 
and of the fame altitude of the cone, are to one another as their 
bafe ; but the bafes arc fimilar to one another; therefore the 
equiangular prifms are likewife fimilar, and likewife the pyra- 
taids ; therefore the pyramids are to one another, in the tripli- 
cate ratio of their homologous iides ^; that is, of BD to FH ; ^ ^' 
but the cone ABCDL is to the folid X, in the triplicate ratio of 
BD to FH ; therefore, as the cone ABGDL is to the folid X, 
fo is the pyramid ATB TCVDQL tdthe pyramid EOFPGRHSN ; 
but the cone is greater than the pyramid EOFPGRHSN ^; but ^ **• *• 
it is proved lefs ; which is abfurd ; therefore the cone ABCDL 
has not to a folid lefs than the cone EFGHN,' a triplicate ratio 
of BD to FH. For the fame reafon, the cone EFGHN has not 
to fome folid lefs than the cone ABCDL a triplicate ratio of 
FH to BD. 

Again, the cone ABCDL has not to a folid Z, greater than 
EFGHN, a ttiplicate ratio of BD to FH ; for, then, inverfely, 
the folid Z has to the cone ABCDL a triplicate ratio of FH to 
BD ; but the folid Z is greater than EFGHN ; therefore the folid 
Z, to the cone ABCDL, is as the cone EFGHN to fome folid 
lefs than the cone ABCDL ,• therefore the cone EFGHN, to 
fome folid lefs than the cone ABCDL, has a triplicate ratio of 
FH to BD J but it is proved that it has not; therefore tha 
cone ABCDL, to a folid greater or- lefs than the cone 
' EFGHN, has not a triplicate ratio of BD to FH ; therefore the 
cones ABCDL, EFGHN, have to one another the triplicate ra- 
tio of their bafes BD toFH; and, as cone is to cone, fo is cy- 
linder to cylinder *. Wherefore, &c. « i^* I 


PROP. 
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TF a cylinder be divided by a plain parallel to the oppvjite plains^ 
^ then, as one cylinder is to the other cylinder yfo is the axis of the 
dfte to the axis of the other. 

Let the cylinder AD be divided by the plain GH, parallel to 
the oppofite plains AB, CD, and meeting the axis EF in the 
point K \ then, as the cylinder BG is to the cylinder GD, fo is 
the axis EK to KF. 
, • For, let the axis EF be produced both ways to L and M j let 

EL be taken any multiple of EK ; and FM any multiple of FK;. 
through the points L, N, X, M, draw plains parallel to AB, 
CD ; and with the centers L, N, X, M, draw the circles 
OP, RS, TY, VQ, each equal to AB; and compleat the cy- 
linders PR, RB, DT, TQ^; then, becau{e the axis LN, 

* "• NE, EK, are equal, th^ cylinders PR, RB, BG> are equal \ 
For the fame reafon, the cylinders HC, DT, TC^ are fequal ; 
therefore the cylinder PG is. the fame multiple otthe cylinder 
BG, that the axis LK is of EK. Fpr the fame reafon, the 
cylinder GQ^ is the, fame multiple of GD that KM is of 
KF; therefore, if KL is equal to KM, PG will be equal to 
GQ ; if greater, greater, and, if lefs, lefs* Therefore, AH is 

k aef. 5. 5. to GD as EK is to HF **. Wherefore, &c. 


c 


PROP. XIV. THE P'R, 

ONES and cylinders y conjlituted upon equal hafes^ are t$ 
one another as their altitudes. 


Let the cylinders EB, FD, ftand upon equal bafes AB, CD, 
then the cylinder EB is to the cylinder FD, as the altitude GH 
is to the altitude KL. 

For, produce the axis KL to the point N, and put LN equal 
to GH, and let the cylinder CM be drawn about the axis LN ; 

a »»• then the cylinders EB, CM, arc to each other as their bafes *; 

but their bafes are equal ; therefore the cylinders EB, CM, are 

^ '3* equal; but the cylinders CM, FD, are as- their axes LN, KL*'; 

but the cylinders CM, EB, are equal ; and their axes GH, LN, 
likcwife equal ; therefore the cylinder EB is to the cylinder FD 
as the axis GH to the axis KL ; bat, as the cylinder EB is to 

f ij, 5. and the cylinder FD, fo is the cMie ATG to the cone CDK*^; there- 

*•• fore, as the axis Q>Yl is tc KL, I0 is the cone ABG to CDK ; 

and fo the cylinder EB to FD. Wherefore, &c. 

PRO P. 


f 
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Book XII 

1 p R o P. . XV. T H E o R. v.-nrs-/ 


\ 


■T" ff E bafes and altitudes of equal cones and cylinders are red" 
•*• procally proportional^ and cones and cylinders nvhofe hafe and 
altitudes are reciprocally proportional^ are equal to one ano^ 
therm 


Let the circles ABCD, EFGH, be the bafes of the equal 
! cones and cylinders, AC, EG, their diameters, and KL, MN", 
I their axes; compleat the cylinders AX, EO; then, as ABCD 
I is to EFGH, fo is the altitude MN to KL. . 
I For the altitudes KL, MN, are either equal or not. If equal, 
f the cylinders AX, EOi are likewife equal ; then the bafes 
I ABCD, EFGH, are equal ^ therefore the bafes ABCD, EFGH, % «i; 
; are to one anotht^r as their altitudes: But, if the altitudes KL, 
: MN^ are not equal, let one' of them, as MN>-bcth greater, and 
\ cut offPM equal to LK, and let thr: plain 1 Y^S, parallel to the 
' oppofitc plains j cut the cylinder EO in the point P, and com- 
pleat tht: cylinder ES ; then th«r cylnide; AX is to the cylinder 
\ ES as the cylinder EO i? to the cylinder ES ^; but the cylinder ^ ^ ^ 
AX is to the cylinder ii^ / as rhc bafe AhCD to the bafe 
EFGH*; and, as the cylinder EO is to the cylinder ES, fo is 
j the altitude MN to the altitude MP*^; therefore the bafe ABCD c 13. 
is to the bafe EFGH as the altitude MN is to the altitude KL; 
therefore the bnies and altitudes of the cylinders AX, EO, are 
reciprocally propcrtional. 

And, if the bafes and altitudes of the cylinders AX, EO, are 
reciprocally proportional, then the cylinders are equal j for, the 
fame conftruction remaining, the bafe ABCD is to the bafe 
EFGH, as the altitude MN is to the altitude KL ; and the al- 
I ' titudes KLj MP, are equal ; therefore the bafe ABCD is to the 
I . bafe EFGH as the cylinder AX is to the cylinder ES*, and the 
' altitude MN is to the altitude MP as the cylinder EO is to 
ES ^\ therefore the cylinder AX is to ES as EO is to ES ; there- 
fore the cylinder AX is equal to E0% and, becaufc cones are^ p. 5. 
one third of the cylinder of the fame bafe f and altitude, andf ,0. 
p parts have the fame proportions as their like multiples 8; there- ,j^ ^^ 
i fore the bafe and altitudes of equal cones and cylinders are reci>- 
■ » procally proportional, And, &c, 

[ PROP. 


C 2p. 3. 
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PROP. XVI. p R o a 

^ I ' IV drcles ah^t the fame^cefiter^ to infcriht in the greater a 
polygon of equal Jidesy even in number ^ thatjball not touch the 
iejfer circle* 

Let ABCD, EFGH, be two given circlesi about the fame 
center K ; it is required to ihfcribe a polygon in the circle 
-ABCD, of equal fides, even in number, that (hall not touch 
the leffcr circle EFGH. 

Through the center K^raw the right line BD, and through 
the point G draw AG at right angles to BD :. produce AG to 

* i^« 3. c . ^Ij^jj ^C ig ^ tangent to the circle EFGH, in the point G ■; 

. . bifeft the circumference BAD, and, again, the half thereof, and 

doings this, till a circumference is found lefs than AD,* which 
let be LD ; draw LM perpendicular to BD, and produce it to 
N ; join LD, ND ^. Now, becaufe LN is parallel to AC, the 
tangent of the circle EFGH, LN will not touch the circle 
EFGH, and, much lefs, the lines LD, ND 5 and, if right lines 
be applied in the circle, each equal to LD, there will be a po- 
lygon infcribed in the circle ABCD, of equal fides, and even 
in number, that will not touch the leffer circle EFGH ; which 
was to be done. 


PROP. JCVIL P R O B. 

■) 

'T'^ defcrihe a foHd polyhedron in the greater of twofpheres^ ha^ 
■■■ ving the fame center^ which Jhall not touch the fuperficies of 
the leffer fphere. 

Let two fpheres be fuppofed about the center A, it is required 
to defcribe a folid polyhedron in the greater fphere, not touching • 
the fiiperficies of the leffer fphere. 

Let tKe fpheie be cut by lome plain paffmg through the ccn- 
a dcf. i4. ^^»jr then the feftions will be circles *, and the circle defcribed 
li 15.* 3, by the half feftion will be a great circle ''; which let be BEDC^ 
and 5GH that of the leffer ; and BD, CE, two of their diame« 
ters, drawn at right angles to each other; let BD meet the leffer 
circle in the point G ; and draw GL a tangent to the leffer 
circle in the point G ; and join AL : In the greater circle BEDC 
infcribe a polygon that will not touch the leffer circle FGH ^^5 
let the fides of the polygon, in the quadrant BE, be the right 

lines 


€ 1$ 


J 


OF EUCLID. 145 

Hfic« BK, KL, LM, ME, fuch th^t each wiU fubtehd a lefs arch Book XII 
than a line equal to the tangent GL, then the right lin^ : BK, KL, K„^y\J 
LM, ME, will each be lefs than the tangent GL ; and produce the 
lines joining the points K, A, to N ; and from the point A raffe 
AX perpendicular, to the plain of the circle BE.DC, meeting the 
fupeificies of the fphere in X <*. L^t plains be drawn through d 12. n. 
AX, BD, and AX, KN, which will m^kc circles in the 
fuperficies of the fphere, and let BXD, KXN, be femicircles on 
the diameters BD, KN ; then, becaulc XA is perpendicular to 
the plain of the circle BEDC, the femicircles BXD, KXN, are 
perpendicular to the fame plain ^; but the femicircles BED, c xS. u. 
BXD, KXN, arc equal, for they (land upon equal diameters 
BD, KN, their quadrants BE, BX, KX, fhnll likewife be e- 
qual ; therefore, as many fides of the polygon as are in the qua- 
drant BE, fo many equal fides may be in the quadrants BX, 
KX 5 let thefc fides be BO, OP, PR, RX, KS, 8T, T Y, YX; , 
and join SO, TP, YR; from the points O, S, draw the per- 
pendiculars OV, SQ^, which will ifail on BD, KN, the oom- 
mon feftion f of the plain ; join VQj then, fince the equal cir- ^ *'• 
cumferences BO, SK, are taken in the ecjual femicircles BXD, 
KXN ; and, becaufe OV, SQ^ are drawn perpendiculars from 
them, they are equal; as alfo, BV, KQ^', but BA, KA, are 
equal ; therefore AV is to VB as AQ^is to QK ; therefore VQJs 
parallel to BK«, and OV is parallel to SQ^; but it is proved e- S *• ^* 
qual ; therefore ZV, SO, are eqUal and parallel »; therefore OS, . . \\' 
BK, are parallel ^; but, becaufe BK is parallel to VQ^ and AB k 9. n. 
equal to AK, AB is to BK as AV is to VQ^«; and altera. AB is 
to AV as BK is to VJC ; but AB is greater than AV; therefore 
BK is greater than VK; but VK is equal to OS ; therefore BK 
-is greater than OS j join BO, KS, then OBKS is a quadrilateral 
figure in one plain ^ . For the fame reafonjCach of the quadrila- ^' ''' 
teral figures SOPT, TPRY, and triangle YRS, are each in one 
plain ; therefore, if from the points O, S, P, T, K^^ Y, to the 
point A, right lines are fuppofed drawn, will conftitCite a poly- 
hedrous figure within the circumferences BX, KX, conTifting of 
pyramids, whofe bafes are KBOS, ' SOPT, TPRY, YTiX, and 
vertex the point A ; and if, in the fame manner, pyramids be 
conftruAed on the fides KL, LM, ME, and on the other three 
quadrants and oppofite hemifphere, there will be conftrufted a 
polyhedrons figure defcribed in the fphere, compofed of pyra- 
^mids whofe bafes are equal and fimilar to the forefaid quadrila- 
teral figures, arid triangle YRX, and vertex the point A, 

But the polyhedron does not touch the fuperficies of the 
fphere in which the circle FGH is. For, becaufe the quadrilateral 
figure KBSO is in one plain, and from the point A bfe drawn a 
right line AZ perpendicular to the plain ^, it will be at right m u. lu 

T angles 
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BpokXII angles to all the right lines drawn in that plain **; join BZ, 
^-tfW^ ZK, then AZ \yill be perpendicular to BZ, ZK, But the 
n <!cf. 3. fquares of AK, AB, are equal, and the fquares of AZ, ZB, ar6 
''• equal to the fquare of AB °, and the fquares of AZ, ZK, are 

^^' * equal to the iquare of AK"; therefore the fquares of AZ, ZB, 
are equal to the fquares of AZ, ZK. Take the common fquare 
of AZ from^both, then the fquares of EZ, ZK, are equal ; that 
is, BZ eq.ual to ZK. In like manner, lines drawn from Z* to the 
points O, S, may be proved equal to BZ, ZK ; therefore a circle 
^ defcribed about the center Z, with either of thefe diftances, will 

pafs through the points O, S, K, B ; and, becaufe KBSO is a 
quadrilateral figure infcribed in a circle, and OB, ♦?£, KS, are 
equal, and OS lefs than BK, the angle BZK will be obtule ; 
therefore BK is greater than BZ; but GL is greater than KB, and 
therefore much greater than BZ ; and the fquares of AG, GL, 
are equal to the fquare of AL, AB, or AK ; therefore the 
fquares of BZ, ZA> are equal to the fquare 6{ AL ; and the 
fquares of AZ, ZB, are equal to the fquares of AG, GL ; but 
the fquare of GL was proved greater than the fquare of BZ ; 
therefore the fquare of AZ is greater than the fquare of AG ; 
that isj the right line AZ greater than AG ; but AZ is perpen- 
dicular to one of the bafes of the polyhedron ; and AG reaches 
the fuperficies of the leffcr fphere ; therefore the polyhedron 
does not touch the fuperficies of the lefler fphere. Wherefore, 
&c. 

Cor. If a folid polyhedron is infcribed in another fphere, fn 
milar to that in BCDE, they (hall be to one another in the tripli- 
cate ratio of the fquares of their diameters j for, jhe-folids being 
divided into pyramids, equal in number, and of the fame order, 
they will be fimilar ; and therefore to one another in the tripli- 
|> 12. cate ratio of their homologous fides P; that is, as AB drawn 
from the center of the fphere BCDE, to the femidiameter of the 
other fpherel; but the femidiameters^of fpheres are as their dia- 
p 15. s- meters *'; and one of the antecedents is to one of the confequent$ 
r la. 5^. ^^ ^'^ ^^^ antecedferits to all the confequents ^; therefore, the 
polyhedron in the one fphere Js to the fimilar polyhedron in the 
other fphere, in the triplicate ratio of their diameter^. 


PROP. XVIIL T H- E O R. 

ISJ^P HE RE S are to one another in the triplicate ratio of their 
M diametfrs^ * 1 
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Let ABC, DEF, be twb fpheres, and BC, EF, their diameters, BdokXtl 
the fphere ABC is to the fpHere DEF, in the tripJicate ratio of ^^^py^^ 
BC to EF. If not, let the fphere ABC be to a fphere GHK lefs 
than the fphere DEF, in the triplicate ratio of BC to EF. Let 
this fphere GHK be irifcribed withih the fphere DEF ; likewife, 
in DEF, infcribe a pplyhedron, which fhali not tbiich the fuper- 
ficies of the lefler fphere GHK*^. In the fphere ABC infcribe a a 17. ; 
polyhedron, fimilar and alike fituate to that in DEF -, then thefe 
fimilar polyhedrons are to one another in the triplicate ratio of 
their dian.eters BC, EF^; but the fphere ABC, to the fphere b cor. 17; 
GHK, hath a triplicate ratio of BC to EF ^; therefore the fphere c hyp. 
ABC is .to the fphere GHK, as the polyhedron ABC to the fi- 
milar polyhedron in DEF; biit the fphere AfeC is ^r-^ater than 
the polyhedron in it ; therefore the fphere GHK is likewife 
greater than the polyhedron in DEF ; but it is lefs, as contained 
in it; which is abfurd ; therefore the fphere ABC, to the fphere 
lefs than DEF, has not a triplicate tatid of BC to EF., For the 
fame reafon, the fphere DEF, to a fphere lefs than ABC, has not 
a triplicate ratio of EF to BC. Again, the fphere ABC, to a 
fphere of LMN, greater than *DEF, has not a triplicate ratio of 
$C to EF. If it can, then, by inverf the fpherq LMN, to the 
iphereABC, fh all have a triplicate ratio of the diameters EF to 
the diameter BC 5 but the fphere LMN^is to the fphere ABC as 
the fphere DEF to fome fphere lefs than ABC, becaufe the 
fphere LMN i$ greater than DEF i therefore the fphere DEF, 
' to a fphere lefs than ABC, has a triplicate ratio of what EF has 
toBC ; which is proved abfurd ; therefore the fphere ABC, to a 
iphere greater or lefs than DEF, has not a triplicate ratio of 
what BC has to EF. Therefore ABC has to the fphere DEF a 
triplicate ratio of what BC has to EF : Which was to be demon- 
ftrated. 
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PLAIN TRIGONOMETRY. 


TH E buCncfs of trigonometry is to find the angles when 
the fides are given, and the fides, or ratio of the fides, 
when the angles are given ; and to find fides and angles, when- 
fides and angles are given. For which, it is neceflary, that, not 
only the periphery oT the circle, but likcwifc certain right lines 
in it. be fuppofed divided into fome determinate number of parts. 
The ancient geometers have fuppofed the periphery divided into 
360 parts or degrees, and every degree into 60 minutes, and eve- 
ry minute into 60 feconds, &c. 5 and every angle is faid to be of 
fuch a number of degrees and minutes as there are in that part 
of the periphery meafuring the ai^gle. 

I. 
An arch is any part of the periphery or circumference, and is 
the meafure of the angle at the center which it fubtends* 

II. 
The quadrant of a circle is one fourth part of the circumference j 
the difference of an arch from a quadrant or 90 degrees, is 
called the complement ot that arch. 

m. 

A chord or fubtcnfe, is a tight line drawn from one part of 
an arch to another. 

IV. The 
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IV. 

The right fine, or fine of any arch, is a right line drawn from 
the vertex of an arch perpendicular to the diameter of the 
circle, and is equal to half the chord of double that arch *. * ^' ^' 

If the arch DB, (fig. for the def.) is an arch of 30 deg. DE is the 
fine of ^o deg. and twice i )E, equal DO, is the fubtenfe of 60 
deg. The fine of 30 deg. is equal one half radius *»• " '^' ^ 

V. 

Every fine, as DE, divides the radius into two parts, that part 
betwixt the center and fine, as CE, is called the cofine j and 
the part betwixt the fine and arch, as EB, is the verfed fine 
of the arch DB. For the fame reafon, AE is the verfed fine 
of the arch AD ; therefore, the verfed fine may be equal, 
greater, or lefs than the radius. 

VI. 

The arch HD is the complement of BD to a quadrant; and FD^ 
equal CE, , is the fine of that arch or cofine of BD. 

VII. 

If a right line, BG, is drawA from the point B, at right angles 
to the diameter, and meeting the right line CG, paffing thro* 
the point D; then BG is the tangent of the arch PD, and CG 
is the fecant of that arch. 

The right line HI, drawn from the point H, at right angles to 
CH, and meeting CG produced in I, is the tangent of the 
arch HD, or cotangent of BD ; and CI is the fecant of HD^ 
or cofecant of BD. 

The finetotus,or greatefl: fine, is the radius of the circle, which 

is the fine of 90 deg. *^. < c I^ 5, 

CkardElers ufed. + Addition. — • Subtra£lion. X Multipli- 
cation. = Equality. :: Proportion. V £xtra£fcion of the 
fquare-root. 

When a line is drawn over any number of quantities, thefc 
quantities are to be oonfidcred as one quantity. The marks 
S % ^\ '% put overany numbers^ are to be read degr. min» 
fecond. third minutes, &c. as 23**, 17^ i8'\ 25^'% Stc. Like- 
wife, R. fignifies Rad. S. Sine, Cof Cofine, T. Tang. 
Cot. Cotangent, Sec. Secant, and Cofec. Cofeeant. 


SCHOLIUM. 

Becaufe the triangles CED, CBG,.(fig. for the definitions,) 
are fimilar, CE : ED :: CB : BG, by alter. CE : CB v. ED : 
BG, i. c. Cof. ; R ;; Sine ; Tangent. 

Again, 


tsa PLAIN TRIGONOMETRY. 

Again, CE : CD :: CB : CG, i. e Cof. : R. ::R. : Secant. And, 
becaufethe triangles CDF, GKD, CBG, and CHI, are fimi-: 
d 34* « lar, CE : ED :: CF : FD ; but C£=FD ; therefore ED=CF <*; 
therefore CE is the fine of the angle CDE=DCF. 

Again, EC : ID :: CB : BG ; altern. EC : CB : ED : BG ; ,\\ 
thert-fore, if EC be nearly equal to CB, ED will be nearly equal 
to BG ; therefore, if the firch DB be a very fm all arch, the fine 
and tangent are nearly to one another in the ratio of equa- 
. lity;. 

II. 
Becaufe the chord of any arch, arid its fupplement to a circle, 
is the fame, fo the fine, tangent, or fecant, of any arch, and 
its fupplement to a femicircle, is likewife the fame. 

III. 
If two fides of a right angled triangle be given, the other cani 
be found by 47. El. i^ 


i 


PROP.! 

T N a right angled triangle^ if the hypothenufe be made radius^ 
^ then the fides are the fines of their oppofite angles ; andy if ei^ 
i her of the fides about the right angle be made radius^ the other fide 
is the tangent of its oppofite angle, and the hypothenufe is the fecant 
of that angle, i \ 

For, in the triangle ABC, if, with the center A, afid diftance 
AC, a circle be defcribed, and AB produced till it cut that 
circle ih t), (Nd i.) ; then CB is the fine of the arch CD, or of 
ft (kf. I. the angle A*, and AB is the cofineof CD, or fine of the 
angle C^ Again, (No 2.) if AB is made radius, and the arch 
BD drawn, then BC is the tangent of the arch BD, or of the 
angle A ; and AC is the fecant of that angle. Wherefore, &c.; - , 
C0R4 Hence, as AC, Rad. taken in any given meafure, is to \^\ 
BC, taken in the fame meafure, are foany parts into which the \ 
radius is fuppbfed to be divided, viz. 10.000000, to a number J 
cxprcffing the parts in proportion to the length of thefine of the 
angle, that is, « • 

AC being radius, AC : BC :: R : S, A 
And AC:BA::R:S,C 

AB Rad. AB:BC::R:T,A 

And Ai : AC :: R : Sec. A. 

BC Rad. BC:BA::R:T,C 

And BG : AC :: R : i^ee. C.^ 

V%0 V. 
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a S' 4< 


i P R O P. II. 

nr^ H E JiJes of plain triangles are tq cine another as the fines of 
f" -^ their ,oppoJite angles. 

m 

Let ABC be the triangle, abdut which defcribe a circle 
ABC *; from the Center D let fall perpendiculars upon each of 
the fides AB, BC, AC, which will be bifefted in the points 

' E, F, and G^; but the angle BDE *= is equal to the angle i> 3- 3- 
CD£, and BE is the fine of the angle BDE^, or of the angle ^ ^ »' 
B AC ^;. For the fame reafon, BF is the fine of the angle ACB, <. ai, u 

\ and GC the fine of the angle ABC : Theretore, BE is to BF as 

^ ^wice BE is tp twice BF ; that is, BC is to B A as the fine of th^ 
angle A is to the fine of the angle C. 

2d. If the triangle is right angled, then BD, the Had. is the 

, fine of the right angle ; the other two angles as before. 

3d. If the triangle is obtufe angled, then, if a triangle is 
formed upon the fame^ bafe, in the oppofite p!^ nent in tSic point 
I, then that angle will be acute ; and BE is the fine of the angle 
5IC, or BAC f. Wherefore, ^c, ^ ^^^<>^ ^t 


P H O P. Ill, 

T Nany right lined triangle ^ the fum of any two fides ^ is to their 
•^ di^erenccy as the tangent of half the fum of the angles at the 
hafe, is to the tangent of half their difference. 

Let ABC be the triangle, the fum of any two of its fides, as 
AB, BC, is to the difference of thefe fides, as the tangent of 
half the fum of the angles BAC, ACB, at the bafe, is to the 
tangent of half their difference. 

For, let AB be produced to H ; make BH equal to BC ; and 
cut off BI equal to B A ; then AH is equal to the fum of the 
(ides, and HI to the difference of the fides, and the angle HBC 
equal to the fum of the angles at the bafe**, viz. the angles BACj a i%. i, 
ACB. Join HC ; and, from B, let BE fall perpendicular upon 
HC ^\ then, becaufe HB is equal to BC, the angle BHC is equal b xa. !• 
to BCH *^, and the angles BEC, BEH, are equal ^; therefore thee 5. i. 
angles HBE, EBC, are likewife equal **; and, it BE be made ra^ ^ -^ j^ 
dius, then EC is the tangent of half the fum of the angles at the 
bafe. Draw BD parallel to AC, then the angle DBC is equal 
to the angle ACB ^ Take HF equal to DC, and join FB;ea9. i, 

then 
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then FBD is the difference of the angles, and £BD half their 

difference : Through I drtw IG parallel to BD or AC ; then IB 

f 1. 6, is to BA as GD is to DC^ ; but IB is equal to BA ; therefore 

g 14. 5. GD is equal to DC «; but AH is to HC as HI is to HG '; and, 

>>*•«• by altern. AH is to HI as HC is to HG, the confequents being 

halved, as HA is to HI, fo is i HC to 4. HG ; but HF, GD, are 

each equal to DC, and therefore equal to one another. Add, 

or take away, GF to or, from both, xhen HG is equal FD; 

but half FD is £D ; therefore AH is to HI as EC is to £D. 

Wherefore, &c. 


a 4* 4* 


P R O P. IV. T H E O R. 

T N any triangle^ the redlangle under half the fum oftheJtdeSj and 
* excefs of the fame^ above any of the fides ^ taken as the bafe^ is to 
the reilangle contained by the right lines ^ by which the half of the 
fum of the fides exceeds the other two fides ^^ as the fquare of the 
rad. is to the fquare of the tangent of half the angle oppofite to the 
hafe. 

Let ABC be the triangle, BC the bafe ; in the triamgle ABC 
let a circle be infcribed *, of which let G be the center, and let 
fall GD, GE, GF, perpendiculars to the fides AB, BC, AC ; 
then AD is equal to AE, BD to BF, and CE to CF ; and the 
angles at A and B bifefted by the right lines -AG, BG ; pro- 
duce AB, AC, to H, L ; make BH equal to FC, and CL to 
BF; at the points H, L, raife the perpendiculars HK, LK, 
meeting the right line AG, produced in K ; from the point K 
let fall KM perpendicular to BC ; and join BK, KC ; then the 
. reilangle HAD will be to the re&angle BFC as the fquare of 
AD to the fquare of DG. 

Fot, the triangles ADG, AEG, are equiangular*, and the 

angle ADG equal to the angle AHK, for each are right ones ; 

fc »8. 1. therefore DG is parallel to HK * ; and, fince the angles AHK, 

HAK, are equal to the angles KAL, ALK, for AK bife£ks 

« a<^- '. them, AH is equal to AL*=; but the angles ABC, CBH, are 

d 13. I. equal to two right angles ^; and DGF, DBF, equal to two right 

^ *3' !• angles ^; for the angles atD and F are right ones. Take the angle 

DBF from both, and there remains DGF equal to HBM ; but 

HBM, HKM, are equal to two right angles, for the angles at 

JI and M are right ones \ therefore the quadrilateral figures 

BDGF, BHKM, are equiangular, and BG bifefts the angles 

DBF, DGF -, therefore BK will likewife bifed the ai,gles 

HBM, 
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HBM; HKM ; tlierefore BB will be equal to BM» and the trU. , 
angle DBG equiangular to BHE. For the fame reafoo> MCL 
will be bifeaed by CK, and MC equal to CL. 

Now, becaufe BF, FC, are equal to BHr CL ; AH> AL, 
are equal to die fum of the fides AB, BC, AC, and AH eqiial 
to half the fom of the fidles. And, becaufe the triangles DBG, 
BHK> are equiangular, GD is to DB as BH is to HK ^ and ^ ^ «• 
the reftangle under DG, HK, equal to the rcGangle DBH«,^ '*• ^• 
that is, to BFC j but the triangles ADG, AHK, are equian- . 
gular ; therefore AD is to DG as AH is to HK, and the rec- 
tangle under DG, HK, equal to the redangle HAD ; there- 
fore the redangle HAD is to the rettangle DBH, or BFC, as 
thefquare of AD is to the fquare of DG^; but AD is the excefs^ **• ^* 
of AH above the bafe BC, and BF, FC the right lines by which 
AH exceeds the fides AB, AC ; and, if AD is taken rad. then 
DG is the tangent of half the angle BAC. Wherefore, &c. 


P R O P. V. T H E O R. 

TN every plain triangle^ the hafe is to the fum of the fide i at the 
^ difference 9f the fides is to the fum $r difference of thefegments 
of the hafey as the greater or lefferfide of the triangle is taken for 
the bafe* -- ' • 

Let ABC be a triangle ; from the vc^rtex A let fall the 
perpendicular AD ; then the bafe is to the fum of the fides 
as the difference of the fides is to the fum or difference of 
the fegments CD, BD, according as the bafe BC is the leffer or 
greater fide. From the vertex A, let fall the perpendicular 
AD upoa the bafe BC ; with the center A, and diftance AC, 
the greater of the other two fides, defcribe the circle CEF, and 
produce AB both ways to F and £, and CB to G ; then, be- 
caufe the right lines F£, GC, cut one another in B, the rec* 
tangle FBE is equal to the rcftangle CBC*i but CB is to BF asa 3^ 5; 
BE is to GB b ; that is, when the bafe BC is the greatefl, theb i5. 6. 
bafe to the fum of the fides, as the difference of the fides to the 
difference of the fegments of the bafe ; but, when BC is the 
leaft, GB is the fum of the fegmepts of the bafe. Wherefore^ 
&c. 

PROP. VI. 

THE fum and difference of any two quantities being given to 
and thefe quantities* 

V Let 


«54 
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Let AB, BC« be the two quantities ; place them in the fame ^ 
right line, as AC ; nnd bifeA AC in £ ; and. cut off AD equalj 
to BC; then DB is the difference of the two quantities, and £B«^ 
half their difference ; therefore, if to AE, half their fum, El^^ 
half their diiOFerence, be added, the fum is equal to AB, tfai;^ 
greater quantity ; and if from A£, half the fum, £D» half theic 
difference, be taken^ gives AD eoual %o BCj the iefler quantity.. 
Wlierefore, &c, 
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DEFINITIONS* 

I- 

HP H E poles of a fpherc arc two points in the fuperficies of 

•*■ the fphere that arc the extremes of the axis. ^ 

II. 

The pole of a circle in a fphere, is a point in the fuperficies of 
the fphere from which all right lines, drawn to the circum* 
ference of the circle, are equal to one another. 

III. 

A great circle in a fphere is that whofe plain pafles through the 
center of the fphere^ and whofe center is the fame with that 
of the fphere, or whofe plain bifefts the fphere. 

A fpherical triangle, is a figure comprehended under the arches 
of three great circles of a fphere. 

A fpherical angle is that which is contained under two arches o£ 
greater circles in the fuperficies of the fphere^ 


G 


PROP. I. 

R E At circles in a fphere mutually bifeSl each othef^ 


Let the; two great circles be ACB, AFB, they will mutually 
bifeft each other \ for thek common fe£lion AB is the diameter 
of both cirdes* 

PROP! 


a itf. *■ 
b 8. I. 
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. P R, O P. n. 

r'froim the pole of any circle ^ to itj center f a right line be dranun^ 
it v)H( be perpendicular to the plair^ of that circle* 

Let the circle be AFB» and its* pole C ; from vrhkh draw CD 
to the center^ then CD will be perpendicu^r to the plain of that 
circle. 

For, in it draw any diameters EF, GH, and join CG| CH, 

CE, CF 5 then, in the triangles CDF, CDE, tht twa firfes 
CD, DE, are equal to the two fides CD, DF, and their bafes 

CF, CE, are equal'; therefore the angle CDF is equal to the 
angle CDE^; therefore .CD is perpendicular to the plain of the 

'^♦•"- circle AFB^ Wherefore, &c. 

Cor. I. Hence, if this circle be a great circle, the diftance 
upon the fuperficies of the fphere betwixt the pole and great 
circle is a quadrant, for the plain of it bife^ls the fphere. 

II. Great circles, that pafs through the pole of fome other 
, circle, make right angles with it ; for the right line CD is the 
d xp. XI. commofi ft&ion of iiich plains ^ ' 


P R O P. IIL 

T F a great circle is defcribed about the pole of a fphere^ and from 
^ tbatftk ivio right Un^s be dratvn to the circle^ the srcb rftiat 
circle contained by the t'wo . right liius is the meafure of tie eusgle 
at the pole ^ 

Let A be the pole of a fphere, and ECF the great cinde de« 
fcribed about it, and let the right lines AC, AF^ be drawn to 
the. great circle ; then the arch CF is the meafure of the angle 
at A* 

For, let D be the center of the fphere^ then the angles ADCf 

a cor. ». ADF, are right afigles "; and the angle CDF is the inclination 

of the plains ACB, AF3^ and equal to the fpherical triangle 

bdcf. tf. CAF, orCBF^ 

''• Cor. L If the ait:heft AC^ AF, am quadrants, then A is de 

pole of the circle pafling through the points C, F \ for AD is at 

ri^t angles to the plain FDC ^. 

\L The vertii^l andes are equal, for each is equal to the in- 
clination of the circles \ alfo, the adjacent angles are equal to 
two right angles. . 


C 4. II. 


PROP. 
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PROP. IV. 

T F two fpherical triangles have two fides of the one, equal to two 
^ fides of the other ^ and the angle contained by the two fides of 
the one equal to the correfpondent angles of the other, the two tri'» . 
angles will, he equal. 

m 

Tor, if the two arches containing the angles are equal, their 
chords or fubtenfes are likewife equal *, and contain equal angles; • *^ "3 
therefore thek bafes are equal, and remaining angles of the one, 
equal tt^tile nemaining angles of the other, each to eaeh$ and the 
right Hned triangles equal ^; but equal right lines cut ofF equal ^ 4« i« 
circumferences *; wherefore the fpherical triangles are equal to ^ ^^ ^ 
one another. 

Cor. L Hence triangle* will be equal and congruous, if two 
angles of the one be equal to two angles of the other, each to 
each, and a fide of the one equal to a fide of the other, either 
the fide that lies betwixt the equal angles, or fubtendinc: one of . 

them-. V . * i^s.'^ 

II. Equilateral triangles are likewife equiangular. \ ^6. u 

. BI« In tfefceles triangks, t\\e angles at the bafes are equal ;c^^ «nd 
and, if the anglcs^ at the bafes are equal, the triangles are ifof- ?*'. ^' "^ 
CCICS »# f ap tad 

IV. Any two fides of a triangle are greater than the third; for u» 3- %• 
any two of their chords or fubtenfes, are greater than die third «. *"f *• '* 


A 


PROP. V. 


NY fide 4f s/jph$rical triangle is hf$ thtmafemieircle^ 


Let AC, ABv the fides of the triangle ABC, be produced 
tin thev meet in D, then the femictrde ACD is greater than 
the arch AC* / 


P X O P. VL 


n^HE three fides of a ffheric4l triangle are Ufs than a whole 


tirck. 


For; 
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. For, BD, DC, two fides of the triangle BCD, are greatcf 
X cor, 4- than the third BC •. Add BA, AC ; then DBA, D>C A^ tlie 
' two femicircles, are greater than the three fides of the triangle 
fc 4- pCD K Wherefore, &c. 


P R O P. VII. 

TN any triangle, the greater angle is fubt ended by the greater 
^Jde. 

Let ABC be the triangle, and A the greater angle, then BC 

will be the greater fide. For, make the angle BAD equal to the 

a cor. as. angle B ; then AD will be equal to BD *j therefore the fide 

»• 4. BDC is equal to AD and DC ; but AD, DC, are greater than 

AC *> ; therefore BC is greater than AC. Wherefore, &c. 


PROP. VIII. 

T N anyjpherical triangle^ if thefum of two ^fits fides be great'' 
•* er than afemicirde^ then the internal angle <it the bafe will be 
greater than the external and oppojite angle s and thefum of the 
internal angles at the bafe will be greater than two right angles ; 
if equal, equal, and, ifUfs, lefs* 

Let ABC be the fpherical triangle ; if the two fides, AB, BC^ 

be greater than a femicircle, the internal angle BAC, at the 

bafe, will be greater than the external and oppofite angle BCD ; 

if equal, equal, and, if lefs, lefs,; and the angles A and 

ACB will likewife be greater, equal, or lefs, than two right 

angles; Firft, let the femicircles ACD, ABD, becompleated; 

then, if AB, BC, be equal to ABD, the angle BCD will be 

equal to BDC % that is, to BAC. adly, If AB^ BC, be great- 

^ ^* er than ABD, then BC will be greater than BD, and the angle 

^ BDC, that is, the angle BAC, greater than BCD *>$ if AB, 

BC, are lefs than a femicircle ; then the angle A will be lefs 

than BCD. And, becaufe the angles BCD, BCA, are equal 

to two right angles, if the angle A be greater than the angle 

BCD, then the angles A and ACB will be greater than two 

. right angles> and^ if lefs, lefs. 

PROP. 


\ 
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I P R O P. IX- 

IF the poles of the fides of any fpherical triangle he joined by 
great circles ^ they conftitute another triangle ^ the fides of which 
arefupplements of the arches that meafure the angles of the given 
triangles : and the arches that are the meafures of the angles of 
the fufplementary triangle^ are the fuppkments of the fides of the 
given triangle. 

Let G, H, D, he the angular points of the given triangle 
GHD; and let the points G, H, D, be the poles of the great 

1 circles XCAM, TMNO, XKBN ; then XN will be the {iip. 
plement of BK, XM of CA, and MN of OT. Likewife, the 
arches KT, OC, and B A, which are the meafures of the angles 
M, X, N, are the fupplements of HD, HG, and GD. 

For, becaufe G is the pole of the circle XCAM, GM is a 
quadrant * ; and, becaufe H is the pole of the circle TMO, HM * cor. i. x. 
is alfo a quadrant : Wherefore, M is the pole of the circle GH ^. a ^or. i- S 

, for the fame reafon, N is the pole of the circle HD,. and X the 

; pole of the circle GD. Now, becaufe NK, XB, are each qua- 
drants, XN is the fupplement of KB. For the fame reafon, XM 
is the fupplement of AC, and MN of OT ; which are the mea- 

! lures of the angles G, H, D, 

Again, becaufe DK, HT, are each quadrants, KT is the 

" fupplement of HD. For the fame reafon, OC is the fupple- 
ment of GH, and fiA o£ GD; that is, the meafures of the 
angles X, M, N, ^ are the fupplements of the (ides HD, GH, 

[ andGD. Wherefore, &c. 


P R O R X. 

np HE three angles of a fpherical triangle are greater than two 
^ right angles, and lefs than fix. 

Let the triangle be GHD ; then the tl\ree meafures of it, 
^ l^ith the three fides of the triangle XMN, are equal to three 

femicircles ^; but the three fides of the triangle XMN are lef$ a f . 

than two cemicircles ^; therefore the meafure of the three angles b 6. 
I G, H, D, are greater than one ; that is, greater than two right 

angles i but the outward and inward angles of any triangle are 

together equal to fix right angles j therefore the inward angles 

ate lefs than fix right angles^ "Vifh^efore, &g.» 

PROP, 
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P R O P. XI. 

\ 

I 

T F, in any great circle, a point is taken, wMch is net the fele oj 
* iV, and from that point feveral arches are drawn to its circum* 
ferenccy the great eft of thefe arches is that tvhich paffes through 
the pole ; and the remainder of it is the leajl ; and the arch nearer 
to that,paffing through the pole, is greater thdh that mor^ remote \ 
and they make obtufe angles with the great circle » 

» 

Let AFBE be a great circle, and any point R taken, which is 
not the pole of it, and from that point the arched KA, RB, RG^ 
R V, of great circles to the circumference of AFBE, the arch 
RCA, which pafles through the pole, is the greateft, and RB is 
the leaft \ and the arch RCA is greater than RG^ and RG 
greater than RV. 

For, becaufe C is the pole of the circle AFB, CD and RS, 

« ft. Md 7' that is parallel to CD, are perpendicular to the plafn AFB % 
'*• from the point S draw SA, SG, SV ; then SA is the greateft 

" ^* 5' line, viz. greater than SG, ind SG greater than SV »>. For, 
in the right angled plain triangles RSA, RSG, RSV, the 
fquares of RS, SA, that i8> the fquare of RA, is greater than 
the fquares of RS, SG, that is, than the fquare of n.G, that is, 
RA is greater than RG. For the fame reafoHi RG is greater 
than RV 5 therefore, the arch RA is greater than the arch RG, 
and RG greater than RV. 

Again, the angle RGA is greater than the angle CGA, 

c cor. 3. which is a right angle ^ ; and the angle RVA greater than 
CVA, a part of it 5 therefore the angles UGA, RVA, ate ob- 
tufe angles. 


p R o P. xn. 

T F the fides containing the right angles ofafpherical triangle he 
"* of the fame a^Bion with theoppoftte angles, that is, ifthejides 
are greater or lefs than quadrants, the opfojite angles wiU b( 
greater or kfsthan right angles. 

^ Let AGR, AGX, be right angled fpherical triangles, ha» 
ving the angles GAR, GAX^ right ones ; then^ if the fide 
AR be greater than a quadrant, the angle AGR will be greater 
than a right angle ; and, if AX be lefs than a quadrant, the 
apgle AGX is lefs than a right angle. 

For, 
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I 
\ 

For, if AC 18 a quadrant, C is the pole of the circle AFB, 
id the angles AGCj AVC, are right ones; therefore the fide 

fubtending the angle AGR, is greater than a right angle "j ■ ^ 
id, becaufe AX is lefs than a quadrant, the angle AGX is left 
lan a right angle. 


PROP* 


xni. 


F the two fides containing the angle of a fpherical triangle be 
both' lefs f or both greater than quadrants ^ then the hypothenufe 
lefs than a quadrant. 

In the triangle ARV, or BRV, let F be the pole of the circle 
; then RF is a quadrant, ivhich is grea^ter than RV. 


PRO P. 


XIV. 


F one* of the fdes is greater ^ and the other lefs than a quadran^p, 
then the hypothenufe will be greater than a quadrant. 

For» in the triangle ARG, the hypothenufe RG is greatcti 
than RF, that is, greater than a quadrant. For the fame rea- 
fon, if the hypothenufe is greater than a quadrant, then on« 
of the legs is greater, and the other lefs, than a quadrant. 


P R O P. XV. 

IF the angles at the hafe of afpherical triangle he both lefs^ or 
both greater than quadrants^ the perpendicular will fall with» 
in the triangle i but, if one be gr eater ^ and the other lefs^ the per* 
pendicular will fall with^t tpe triangle. : 

Let ABC be the triangle j from the point A let fall the per- 
pendicular AP ; in tbe iir(^ cafe, it will fall within, the triangle ^ 
but, if not, it wilf fall without ; then, in the triangle ArB, 
the fide AP, and angle B, are of the fame afieftion, and like-#ig. s« 
wife the fide AP, and angle AQl^: Therefore, fince the angles 
ABC, and ACP, are of the fame aflFe£Uon, the angles ACB 
^nd ABC are of different aSe^ions } ^ut tbey are not *, Where-By i^ 
fores &c« 
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V 

^^£* '* In the fecond cafe» if the petp^diculslr does not fall wlthoINf: 

let It fall withiQ. Then, in the triangjie ABP, the angle % 

and fide AP, are of the fame affe£tion ; and likewift, inijt^ ' 

* triangle ACF, the aogle C^ and fide AP, ase of the fanae a(k 

fef^ion; therefore, the anj2;lcs B and C lire ofthrfamesfe^iioitf 

a Hyp. vhich is impoflible'. Wherefore, &c. 


PROP, XVI, 

TJV right angled fpherical triangles i having tkafame dr e^al 
■*• acute dngks at the bafe^ the fines of the hyp<ithenufe arepropor' 
t tonal io the fines of the perpendicular arches^ and the fines of the 
hafes proportional to the tangents of the perpendicMlar arches* 

• 

Let the triangles be BAC, BH£, right angled 'at A and H| 
and the fame aeate angle B, at the bafe BA, the fines of the hj- 
jkithenufes CP, Q£, are to one another as the fines of the per* 
pendicular arches CD, EF ^ and . the fines of the bafis AQ^ 
HK, proportional to lA, GH j the tangents of the perpendicular 
afch^es* 

For, beeaufe CD) £F, are perpendicular t6 the fame plain^ 
they are parallel* ; as alfo, FR, DP ; therefore the plains of the 

b 18. II. triangles £FR, CDP, are parallel ^; and CP| £R> the common 
fe&ions of thefe plains, with the plains pafling through B£,£Of 

c itf. IX. will be parallel *=; therefore, .th6 triangles CDP, EFR, are equi* 
angular \ wherefore CP, the fine of the hypotbenuib 6C, ia to 
CD, the fine of the perpendicular arch CA, as £R, the fine of 
the hypothcnufe BE, is to EF, the fine of the perpendicular 

a 4. €. arch £11 <*. For the fame ledbn^ the triangles QAI, KHG, 
are equiangular. Wherefore QA is to AI, as KH is to HG% 
the tangents of the perpendicular arche& Wherefore, &c. 


a p. xr. 


P R O R XVE 

T N any right angled fpherical triangle^ the cofine of the angle of 
^ the hafe^ is to the fine of the vertical angk^ as the cofinc oftk 

perpendicular is to the radius. 

tft. Let the triangle be ABC, right angled at A^ the cofine 
of B ia to the fine of the angk ACB, as the oofine of CA is to 
radius. For, let the fides AB, BC, C A,. be produced, fothat 
BE, BF, CI, CH, be quadrants ; from the poles B, C, draw 
ihl^ great c]ft;Ies SFDG^JHG \ then the angles at £^ F^ I, H» 

are 
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■re right angles ; therefore D h tfce pole of BAE *, and G the a », cor. 
pole of IFCB ; AE the complement of the arch AB, and FE e- 
quai GD9 the meafure of the angle B, and DF their comple- 
ment ; and lifcewife BC equal IF, the meafure of the angle G, 
and CF thejir complement $ and CA, one of the Me^ about the 
righ( anglCf equal to HD, and DC their complement. 

94>*In the triafiglcs HIC, DpF, right angled at I and F, ha- 
ving the fame acute angle C. Since BA is leis than a quadrant^ 
DF is to DC as IH is to HC ^j but HC is a ^quadrant; there* b 4. tf. 
fore, the fine of DF is to the fine of DC, as the fine of HI is 
to the fineof|]C, that is, to radius*^. Wherefore,, &c. e itfr 

3d, For the (ame reafon, in the triangles AED, CFD, right- 
angled at E, F, and having the fanic acute angle D, as AE i$ 
lefs than a quadrant, the fine of E A is to the fine of pF, as the 
fine of DA is'fo the fine of DC ; thht is, the cofine of the bafe is 
to the cofine of the hypothenuf^s, fo is radius to the cofine qf th(^ 
perpendicular. 

4th, Again, in the triangles BAQ, BEF, right angled 
at A, E, and having the fame acute angl^ B ; as S. B A is to the 
S. BE, fo is the T, AC to the T. EF ; that Js, the fine of th^ 
bafe is to the racff as the tangent pf the perpendiculaf to the tan ^ 
gent of the angje at the bafe. 

5th. In the .triangle GIF, GI:|D, right angled at I and Ht 
and having the fame acute angle G j S. GH is to the S. GI, as 
thfi T. HD tp the T^ IF ; that is, the cofine of the vertical angle 
C is to fad. as the tangent of the perpendicular is to the tangent 
pf the hypothenufe. 

' 6th. Again, in the fame triangles S. IF is to S. GF, as S. HD 
to fine GD ; that is, the S. of the hypothenufe is to rad. as the 
fine of the perpendicular is to the fine of the angle at the 
bafe. 

7th. In the triangles HIC, DFC, right-angle^ at I, F, and 
fhc fame acute angle C, as S. CI is to S. CF, fo is T. HI |q 
T. DF, that is, Rad. is to Cof. BC, io is T. C to Cot. B and 
S. CH : S. HI. :: S. DC : S,DF 5 that is, Rad. is to S. ACB :, 
Cof. AC : Cof. B. 


PROP, xvni, 

nn H E cofmes of the angles at the bafe are p f apart ion^ to the^ 
•*• fines of the verthal angles* 

Let BCD be the triangle, either obtufe or acute angled $ kt 
faU^ perpendicular QA > then^ a^ the cofiqe pf B is to S« BCA, 

fo 
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fo is the cot. CA to radius ; and as cof. C A is to radius, fo is coC 

* »»• D to the S. DCA*r therefore, by equality*, cof. B is to 

• *s- 3- S. BCA fo is coC D to S. DCA. 

PRO P. XIX. 

T N every fpherical triangle^ the cofines €f the fides etre propor^ 
^ tional to the ccfines of the hafes. 

Let BCD be the triangki the fame things fuppofed as in the 
lady the cof. BC is to the cof. BA as cof. CA is to rad. ; and 
•'^* cof CA is to rad. as cof. DC is to cof. DA * ; wherefore the cof. 

^ *5- *• BC is to c^f; DC as cof. BA is to the cof. of DA \ 


» «?• 


>» \ 


PROP. XX. 


T N oblique fpherical triangles^ the fines of the hafes are in the re^ 
•*• ciprocal proportion of the tangents of the angle at the hafe. 

The fame things fuppofed as before, S. 6 A is to rad. as 
• «Tf T. AC is to the tangent of the angle at B '; and, inverfely, 

radius is to S. BA as T. B is to T. AC ; and S. DA is to rad. 

as T. D is to T. AC 5 trherefore, S. BA is to S. DA as T. D 
baj.5. i8toT•B^ 


PROP. XXI. 


T N ohlique fpherical triangles y the tangents of the fides are ia the 
^ reciprocal proportion of the cofines rfthe vertical angles. 

The fame things fuppofed as before, R. is to the cof. ACB as 
T. BC to T. AC «vand R. is to cof. ACD as T. DC to T. AC •; 
and cof. ACD x T, DC is equal to R. x T. AC j therefore cof. 
\t6.6. ACB X T. BC is equal to R. X T. AC b, therefore cof. 
ew.1.1. ACB X T.BC IS equal to cof. ACD X T. DC*=} therefore 
d 14, tf . T, BC is to T. DC, as cof. ACD to cof. ACB <«. ^ 

■ 

PROP. xxn. 

1^ every oblique fpherical triangle , the fines of the fides arepro^ 
portional to the fines of their oppofite angles. 

For, 
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• For, the fame things fut>pofed as before, S. BC is to rad, as * '»• 
*S. CA is to S. B • i and S. DC is to rad. a» S. AC is to S. D i i* »»• *' 
and, inverfely, R> is to S. BC as S. D is to S. AC ; vrherefore, 
S. BC istoS. DC as S. DIs to S. B*'. 


PROP. xxni. 

I 

IN every^fpherical tr tangle j the cotangent of half thefum of the 
angles at the bafe, is to the tangent of half their difference^ as 
the tangent of half the vertical angle to the tangent of the angle 
that the perpendicular makes with the linejife^ing the vertical 
angle. 

Let BDC be the triangle, and let CF bifcft the vertical angle 
C I then, as rad. : S. ACB :: cof. AC : cof. of the angle B% » »»^ 
and rad. : S. ACD :: cof. AC : cof. D; therefore, by pq. and per* 
piutation, cof. B : cof. D :: S. ACB : S. ACD 5 therefore, cof. B + 
cof. D : cof. B — cof. D :: S. ACB + S. ACD,: S. ACB — 
S.ACD::cot.B+D:T.B— D::T.BCF:T.ACF=T.B— t). 

^H^^^^n_ ^M^>.^M«MB« III*' 


PROP. XXIV. 

TN any fpherical triangle^ the re£langle contained under the fines 
^ of two Rdes^ is to the fquare of the radius y ^ the difference of 
the ver fed fine t of the haje^ anddifference of the fides y to the verfed 
fine of the angle oppofite to the bafe. 

Let ABC be the triangle, and CF, AE9 the fines of the fides 
ABandCB, orMB=CB; then CF = MF X AE ; AO X ON 
:: IL, the difference of the verfed fines of the bafe AC, and the 
difference of the fides BC and B A, to the verfed fine of the 
angle B. 

For, defcribe a great circle PN about the pole B 1 let BP, 
BN, be quadrants ; then the arch PN is the meafure of the 
angle B. From the fame pole B defcribe a lefler circle CFM 
through C ; the plains of thefe circles will be perpendicular to 
the plain BON ^ ; and, let PG, CH, be perpendicular to the 
fame plain, they will fall on the common fedions ON, FM %< a<* ix« 
fuppofe.in G and H ;^ a?id through H draw HI perpendicular tp 
AO ; then the plain paffing through CH, HI, will be perpen- 
dicular to the plain AOB ; and AI, which is perpendicular to 
HI^ is likewife perpendicular to CI ^ ; and AI is the veifed fine^ 4* <<« 
. . 1 cf 
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of the arch AC, and AL the verfed fioe of the arch AM, which 
is equal to BM ~ BA = BC — • BA ; and, bccaufc MF, N0» 

c p^, IX. ^j.^ pajgllcl to CF, PO S the ifofceies triangles are equiangiK 
lar ; tberefore, if perpendiculars CH, PG^ be drawn to the 
fides FM, ON, the triangle^ will be divided fimilarly ; ther?^ 
fore FM : ON :: MH : GN ; and, becaufe the triangles AOE, 
DIH, DLM, are equiangular AE : AG ;: IL : MH ; for IL 
= ID, DL, and MH = MD, DH ; hut FM : ON :: MH : 

* *h ft ON ; therefore ^ AE x FM, or CI :: A x ON : IL x MH ; 
MH X GN ; the two laft divide by r ' will be AE x FM : 
AO X ON :; 11^ : GN ; that is, the red. gle under the fines pf 
the legs is tothe fquare of ;he rad. 2js the difference of the ver- 
fed fine of the bafe, and the diiFer^p.ce cf the legs, is to the 
yerfed ijne of the aijgle B. Wherefore, &c. 


PROP. XXV, 

T N anyfpherical triangle^ tb£f difference a/ the verfed Jitus of 
^ t^o arches f mukipJied into half the radius y is equal to the rec* 
tattle contained by the fine (^ half the /um^ and tie fine of half the 
difference of thefe arches. 

Let there be twp arches AC, B A, whofe difference BC let be 
bifeaed in D ; then AD is half the fum, and DB half the dif^ 
ference of thefe arches ; apd BT t=. GH the difference of theip 
verfed fines, aod C£ the fine of half their difference. Then, 
1>ecaufe the triangles ODV, CBT, are equiangular, as DV ; 
BT :: OD: CB :: 4IX) : i CB ; wherefore DV X ^BC ; or. 
PV X CE s BT X^ DO == HG X i PO, Wherefore, %. 


PROP. XXVL 


T 


ME verfed^ fine of any arch^ multiplied by half the radius^ 
is equal to the fquare (f the fine of baif of^hat arch. 


Let the arch be DB, and C its fcentef ; draw the right linei 
DB, BC9 and DE5 perpendicular to BC ; then D£ is the fine 
of that arch ; which let be hife&ed by the right line CM ; thai 
are tiie triangles CMB, DEB, equiangular ; for the angl» at 
M and £ are right ones ; and the angle at B is common ; ther e» 
fore EB 2 BD.:: BM : BC ; therefore EB x BC =5 BM X BD, 
and £Bx;^BC#9MXtI^^?M fquare. Wherefore, &c. 


^m^^f^^fm^fm 
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PRO P. xxvn. 

; f N any fpbericat triangle ^ ths reEtangh containtd under thejtnsi 
' ^ rfany two ties ^ is to the/quare §f tbe radius ^ as the relfangk 
contained by the fines of theje arches ^ v)hich are thebafeandtbe^f* 
fcrince of the fides and the fine ^fthat arch, which is half the dif* 
ferenceofthefame^ to the fquare rfthafine of half the angle of* 
p^te to the bafe* 

• 

Let the trimgle be ABC» and BC» BAf the fides contain!^ 

Ae angle B, and AC the bafe inbtending that angle ^ and let 

^ the arch AM be taken equal to the dilEcrence of tbe leg$ } then^ ^ 

the redangle tzi^der tbe fines of the fides BCt BA, will be to the 

fquare of the radius, as the re^langle under the fine of the arch 

i^C -f AM*; and the £ne of tbe ardb AC -— AM ia to the fine 

■' I ■ ■ ■ ■' ■ I III ■ II »— — — 

of one half tbe angle B. 

For » becaufe the redangle under the fines oi the legs AB^ BCf 
is to the fquare of the radius* as IL is to the veried fine of the 
aogfe B '; and, fince ^ R X IL equal to the reftangle under th^ a 24^ 
fines of tbe arches AC + AM, and AC — AM *>; and ha%) 25. 

radius multiplied by the v^rfed fine of the angle B, is eqaal to 
the fquare of tbe fine of one half the angle B ^ therefore the c atf. 
redangk under the fine of the fid^, is to die fqusure of the rad. 
as tbe re£tangle undier the fines of the arches AC 4* AM a nd 

1 AC ~ AM is to tbe fquare of the fine of one hsdf tbfe angle B. 
I ft 
Wherefore, &c. , 
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A fliort Explanation of the Ta^j^eJ of Logarithms, 
^ and SiNEsand Tangents. 

StJP POSING now the young geometriciah Ac- 
quainted with the Elements of EucHd, that he may Jike." 
rwife be acquainted with the Pra£licev as weH as the Elements of 
Trigonometry, for which the Tables of logarithms of Numbers, 
of Sines, Tangents, &c. are necefTary. ; biit, not being fo far ad- 
vanced in mathematics as to underftand the proper method of 
conftru&ing thefe tables, that depending in a great meafure on j 
infinite ftries ; although, at the fame time,:as much is contained ; 
in the Elements of Trigonometry as i» fufficlent to explain the i 
nature^f thefe, I (hall only here give a Aort definition of Lo* 
g4rifhm^, , and (how their^'different ufes 4n the pradice of Trigo- - | 
'nometry, &c- .it , '* 

Log9fithms, the inventi^^f Lord |T:^ter, publiihed in the 
year 16J4, improye4 bylbimfelfVnd MrlBrigs of Oxford Col- 
lege, are fuch an arrangement of ^artificial numbers, with natu-« 
ral Ones, that the addition of the artificial numbers anfwer to 
jXt multiplication of the natural ones, itf fiich a feries as is 
'Judged moft convenient by the caleulator. ^Tbat- feries which at 
pTisfent is judged mod commodious is that which increafes in a 
tenfold proportion, as i; I0| 100, 1000, 10000, &c. the arti- 
ficial numbers anfwering to thefe, are, o,;^, 2, 3,4, Sec. which 
are a (ertes of htimbers, in arithmetical progreffion, beginning i 
with 0, as^above, which are the exponents or the indices of the i 
former \ t)^ addition or ^ubtra£^ion of which indices anfwer to 
the multiplication or diyifion of the numbers, as 04=-J- 1+3=2+2, 
&c» which are likewife the indices of-iKi 0000=1 ok iooo=i 00 
XI 00, &c. any number of arithmetical means taken betwixt 
I and 10, JO and 100, &c. anfwering to; the intermediate na* 
tural numbers, in fuch manner as the addition of the one an- 
fwers to the multiplication of the other, t^ken to any number of 
places, conftitute a Table of Logarithms, which, taken inftead 
of their correfpondent numbers, many tedious operations are e« 
yited ; e. g. if two numbers are to be multipli^ together, add 
their log. ; if to be divided, fubtrad the log. of the divifor from 
the log. of the dividend ; if a number is to be Ibuared, double 
its log. ; if to be cubed, multiply its log. by 3; if%efquare*root 
is to be extracted, half its log. $ if the cube-root of any number 
is to be extra&ed, take -f of its log. the number anfwering to 
which is %he root required; the fame pf any other power* In 
finding the log> anfwering to an^ number, if the number con« 
lift of one place, the exponent is o $ if of 2 places, is i ; 
if of 3 placesi a, &c. } andj if the log. o^ any number have its 

expo* 
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ekpbnedt 6, the number is from i to lo ; if tlie exponent is 2, 
the number is from 10 to 100; if 5, from lod to 1000, &Ci 
But, as the following table confifts only of 4 phces» or from 
X to 1 o,ooo^ which is for the moft part fufficient ; but* if not, by 
the following eafy proportion, it may be extended to anj num- 
ber of places thought neceflary. If of 5 places, find the nrft four 
places, three of which are \ti the column below N, and rheir log. 
in the column next, on the right hand, in the column below o i 
and the others below the fourth figure, which will be found a« 
long the top of the column, except fuch figuies as are in com* 
mon with thofe in the firft columns ; but, if the fourth figure' 
to the right hand is a cypher, its log- is the fame as the three 
firfi: figures, but the exponent 3 ; the fame, if all the places to 
the right hand of the fignificant figures are cyphers, only putting 
their exponent according the number of places, as before direc* 
te!d ; but, if the figures to the right hand are fome fignificant fi- 
gures, the firfl four being found, find the log. of the next great- 
er ; then, as that difference is to i, and cyphers to the number 
of places, fo is the figure given to the log. of thefe figures. 

Example 1. What is the log. of 767.5 ? The log. of 47670 is 
is 4.673'Avi(;2, the next greater is 47 80=4.6783362 ; then, as 
10, the diff. of the numoers, is to 910, the diff. of their tog. fo 
is c, the number wanted, to 455, the log. to be added to the 
log, 4 <j(r8a452 = 4.67820C7. 

Ex. 2. What is the log. of 47675^^78 ? The log. of 47670000 is 
7.6782452, next greater, viz- 47680000, is 7.67S3362 5 then» 
^ as locoo, the diff. of the number^ is to 916, the diff. of the log. .. 
fois 5478 to 498, the log. to be added to 7.6782452 = 7.6782- 
956. 

jfny Logarithm being giverit to find the number anfwering to if. ♦ 

■ 

Exi What is the number anfwering to the log* of 7-5 57 1689 1 
^hich' number, from the exponent, muft confift of 8 places. 
The neareft log. in the' table is .5571461, their difference is 
%2% \ the difference between the log. found and next greater, is/ 
1204. Then, as 1.204 is to loooo, the diff* in places from the 
* number found in the table, and that, wanted ; fo is 228 to 
1893.6 ; which, placed to the right hand of the number s^lready 
found, is the number anfwering to the given log. thus 3^0718- 
93.<^ ; and fo of any uther. 

If the log. of a fradion is wanted, fubtrad^ the Idg. of t;|^e de« 
nominator from the log. of the numerator ; the remain4er is the 
log fought \ but Its exponent negatiye the fame of a decimsd 
fra&ion. 

Y 
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tfdielog.oftnised number is waiiMdyfii^fliekli pf dns vM|l 
namber, and thr fra£Hon, 99 above^ wbofe log. add to.the]fl|^ 
of die wbole number, or reduce the mixed number to ai^ impM 
per fraAion, and find its log. as above. If die log. of a irbsm 
number, and decimal fra£iiop is wanted^ find die kg« ds if al 
were whole numbers ) but prefix the exponents only- for 
whole numbers. If| at any time, the hyperbolic, of Nr- 
log. IS wanted) the modulus betwixt which and Brigg'e h ^ 
the decimal •434294481903, &c. Suppoie the byperboliclogJ 
ipis wanted, divide Brigg'i log. pf losi^ooooqoo by the afr^ 
modulus, gives 2,302585092994 ; the fame of any other. If 1 
hyperbolic log. is ^vcn, being multiplied by the mod^us, givi 
Brigg'slog. 

Of SINES, TANGENTS, |fec. 

THE radius of the circle being fuppofbd divided i^to an^y 
liumber of parts, the fines of fuch a number of thefe parts as 
the arches, of whicb they are the fines, are of a auadrant ; ahdj 
as the tangent of 45^ is equal radius, the parts of the tangcAt a« 
bove 45^ will be proportionally greater than radius : The famd;' 
of fecants, as tliey are always ereater than radius ; but the fines 
being given, the tangents and fecants' can be foand fit>m*tfa<^ 
proportion given page 150 i the verfcd fine may be fbund tfaus^ 
oecaufe the cofineof any arch 4- .the verfed nne, is equal to 
rad. Therefore, from rad. fubtrafl the cofiiiCs gives the verfed 
fine required. The above are natural fines, tangents, &c. 

The log. fines, tangents, &c. are only the log. of the n^tu^a) 
fines, tangents, &c. U> that from the log. fables of numbers, 
find the log. anfwering the number of the log. fine, tangent, 
fecants, verfed fineS) giyes the l^g.'finei tangent^ &c«^^f ibe 
arch required. 

Ex., If tlie log. fine of 50^ is required, its natural fine is 
•7660,4441 6t fuch parts as die rad. is i.oooiooo, thelog. ot 
which fine is 9.8842540 ; and as many places a$ the natural 
fine wants of 1. lb fUany units will the log. fine wa»t olinditx 
9 ; and as many pkces as the natura) tangent or fecaiit exceeds 
untti, fo mahy i^nits will ^he log. talent, or fiicant, es;ceed in« 
dex 10 ) but the log. fine, tangent, £c. may be fi>uhd widio^ 
the log. tables* by an infinite feries, the rad. of the hig* hdmg 
10.0000000 ; the fame of any other fine. If the ttagtbt of an^ 
a fcbol X ^"^^ ^ ^^ S^^ ^^ wanted, thentbecaofe the tangent 6f any" aith is 
pl trig. ' ^ ^rth propoftionai to tlie cof. fine^ ialndrad. ', t'h^nforir tfddifig 
the log fine 00 omL knd, fubtnu^ng its CQfiae, gives die ftfftgeut^ 
ofthatarch, 
' Ex* 
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EsuXc^^ S. of 5«^+ nid,=2i9^4t540— log* of 40^ oi^JBotb* 
^^5 =s 10.076186; = tang. 50^; and, bccaufis the feeant is 4 
^ird proportional to the cofine and rad. therefore, from twic^ 
>i^d. fubtraA the cofine of ;d%. gives loapipsaj, the fecantof' 
^o^ If the terfed fine is ii^anted, ff^ppofe of 50^, fubtrad: it^ 
Mfinefroili rad. gives 357^^1 74, its liamral fine; its log.fine^ 
•iMind, as before dire^d, is 9»; 5292^5 : The fame thing of 

I' any other. ^But, bec^pfe the rcrfed fine of ^n arch above 90^ it 
^ftcquently wanted, the excefs of the ai'ch above rad. + rad. =: 
^ vcrfed fine above go®, Suppofe the vserfed fine of 13c* ill 
Wanted, its excefs above rad. is 40**, the natural fine of which it 
¥6427.876 4- R.ii 6427.876, its log. is io;2i5j8i4; or, with'* 
^f>mt the natural fines, thus, the log. of 2 se 30103000 + twice 

S\c log. fine of half the arch, ^e: ao,2r558i4— rad«^s: io.ai 55* 
14 = log. verfed fine of 130?. 

In the table of fines, tangents, &c. bfsgin, as ufual, in all tables 

of the like nature with one minute, increafing to 45% the degreesf 

; below 45* are placed on tbe left fide of the page ; the^minutea 

anf^ering to tbem increafe downwards; thofe above 45® are 

r placed on tbe right fide of the page ; the minutes anfwering to 

them increafe from th^: bottom of the page upwards, as UfuaL 

I' 

X^find the not* or %. fine^ tangent^ isc. of fecond and third MU 
nutesyforvjhich a Table is calculated^ for every fecond s and 
each (i"^ to 5 places ^ at the end of Table (ffnes^ tangents^ &c. 

T O find which, find the degrees and mmutes in the table of 
lines, tangent^, &c. and takethe dt6Ference betwixt that found and 
next greater; then, as 1^ is to that difference, fo is fecond and 
third minuteS| required in the denomination of a minute, which 
is done in decimals, in the table, at the end of the tables of fines, 
&c. to a fourth proportional ; which add to the fine ox tangent 
jFound in the table of fines, &:c. 

Ex. If the nat. fine of 58^, 19*, 22*', 36^, is wanted, find the 
fmeof 58^19^ the difference betwixt which and 58^20', the next 
greater is 1,528 ; which, X the decimal of 22^\ 36^"^ as fouQd 
in the table, gives 576.056 + 8509, 6^y = 8510,21 5, the deci- 
roal .056 being rejccled- If the log. fine of 58° 19^ 22'\ 36'^^ is 
wanted, find log. fine 58^^ I9\the difference betwixt which and 
58® 20^ is 779 X 3*^7, found, as before, is 2;j3.683 + log. fine of 
58^19^ = 9.92991 12 = 9*9299405, the decimal 683 being rejefted, 
as before : The fame of any other fine, tangent, fecant, whether 
above or below 45S or of any verfed fine> whether above or be« 
lowjo** 

. V 
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if an arch is gtvertt to find the degrf^s, ; iHtnuiet^ fecoridsi an^ 
thi r4s ^fwetirig to that arch. 

Find in the table of fines, &c- the neareft, and take tfae.dit 
ference betwixt that found and arch given ; divide that dif- 
ference by the difference betwixt that found afid ntet greater^ 
gives a q.uotient ; which, in the table at the end of the fines, 
&c. (hows the fecond and. third minutes anfwering to it. 

Ex. Let the arch giv^n be a fine of 94;87C.$4{, the neareft 
Icfs is 9.9876488, the fine of 76^.24', the difference is 55 } 
which divide by the difference betwixt the fine of f 6^, 2^4, and 
76® 25* = 306, gives 17073', which look for in the tabic of fe-» 
conds and thii;ds, gives lo"*, 45''' Obferve the fame of any other 
arcb^ whether tangent, iecant, or verfed fi»e« 
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LOGARITHMS 

For Numbers increaJlng in their Natural Order> 
from an .Unite to 1 0,000, 

With a Tabje of Artificial Sines, Tangents, 
and Secants, the.Radius 10,0000000; and to 
every Degree and Minute of the Quadrant, 


Nam. 

1 . 1 1 ■ 

X 

% 

3 

•4 
5 
6 

7 
S 

9 

30 

XI 

It 

13 
14 
15 

17 
x8 

'9 

%i 

^% 

33 
34 

a5 
s6 

»7 
218 

«9 

30 

3J 
3» 
33 


Log. 


0.0000000 
a30i0300 

0.47712x3 
b- 6040600 

0.6989700 

0.7781513 
0.8450980 
6.9030900 

0.95424*5 
i.ooooodo 

1.0413927 
X.079i8i4 

1.1139434 
1.1461286 

1.1760913 

1.2041200 

1.2304489 

1.2552725 
1.2787536 
1. 3010300 
1.322^193 
1.3424227 
1.3617278 
1.3802112 
1.3979400 

1-4149733 
1.4313638 
1.4471580 
1.4623980 
I.4771213 

14913617 

1.5051500 

15185139 


Nom. 
34 
36 

3« 

39 
40 

41 
42 
43 
44 
45 
46 

47 
4S 

49 

50 

51 
52 
53 
54 
55 
56 

11 

'59 
60 
61 
62 

63 
64 
65 

66 


tiOg. 


1.5314789 
1.5440680 

15563025 
1. 5 68201 7 
1.5797836 
1.5 910646 
1.6020600 
1.6127839 

1.6232493 
1-6334685 
I 6434527 
1.653212c 
1.6627578 
1.6720979 
1. 681 2412 
1.6901961 
1.6989700 
1.7075702 
1.7160033 

1.7242759 
1.7323938 
1.7403627 

1.7481880 

1.7558749 
1.7634280 

1.7708520 

1.7781513 
1.7853298 

1.7923917 
I 7993405 
1.806x800 
1.8129134 

1.8195439 
A 





Num. 

, 

67 


68 


69 


70 


71 


72 


73 


74 


75 

■• 

76 > 


77 


78 


79 


8q 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


94 


95 

■ 

96 


97 


98 


99 


Log. 

' ■■ . mr 

X.8260748 
1.8325089 
I.838849X 
1.8450980 
1.85 12583 

1.8573325 
i.8633229 
I.8692317 
I.8750613 
X.8808136 
1,8864907 
1.8920946 
1. 8976271 
1.9030900 
1.9084850 

I.9I38I39 
X.919078J 

X. 9242793 
X. 92941 89 

1.9344985 

1.9395193 
1.9444827 
1.9493900 
1.9542425 
I.95904I4 
1.9637878 
X.9684829 

I.973I279 

1-9777-30 
1.982271^ 

1.9867717 
1.991226c 

L9?j63j[^ 


O043"4 
noStiooi 

Q»ii8si3 

01938.18 
! 03J4138 
I 0374165 
1 04139^7 

0453139 
1 0491180 
1 0530784 
I 0569049 
; 0606978 
1 0644J80 

0681859 

; 07188*0 

' 07SJ470 

I q79I»II 

0817854 

, 086J598 

; 0899051 

I 0934117 

; OS169ICO 

■ 1003705 

'03So,17 

1105897 

1139434 

1171713 

110J739 

1138516 

J303338 
1335389 
1363106. 
1398791 
14.10148 
1461180 

15118^3 
1553360 
1583615 
1613680 
1643519 
1 673 1 
I 701617 
1731863 
17^0913 
1789769 
1818436 
1S46914 
1875107 
1903317 
1931146 
1958997 
19S6571 
1 1013^71 


04441 ' 

90157 ! 

31587 , 

74507 ; 

57IJ4 ' 

97895 < 

.-f'^Sl ■ 

78148 f 


17873 '■ 

57r4> * 

96056 9 

34616 3 

71856 7 

10753 1 

48314 5 

85569 8 

a*499 3 

95430 ' 
31441 3 

67157 ; 

37718 t 
7157,1 ■ 

41456 4 
75491 1 

41771 ' 

41781 . 

74188 ; 

06553' ' 

38581 . 

70375 : 

01937 < 

33171 : 

64381 ' 

95170 ! 

15941 : 

56396 . 

86640 ! 

16674 : 

05551 ' 
34776 , 
63807 I 
91645 ' 

49751 . 
78016 ■ 
ii6iig 
34019 


13009 
56094 
98756 
41003; 

81843 1 
14184 
6533a 
05997 
46185 

1J755 
645151 
03798 
41199 
80461 
18193 
55797 

19847 
66404 


03000 
45105 
87005 
18406 

10043 
S'>'9i 

19691 
68851 
07663 

46131 

59530 
'96681 
33517 
70043 


15980 i 30195 , 
68937 ! 731 lO 
11474 ; 157<M 
53598 1 57788 
9i3i7 1 99467 
36639 40750 

7757» 181644 
11157 


81167 
15985 
, 49444 
81647 
15598 
48301 
8076c 
"i(78 
4*959 
76705 

395" 
70577 

; 31049 


\ 51443 

I SlDj; 


64515 . , 
911*65 94809 

1943* 1 aaljS 


51558 
83993 
16187 
48144 
79867 
11361 
41618 
73671 
04494 
35100 
65491 
95671 
15*44 

5J411 
84975 
14339 
43506 
7147B 
011J9 
19850 
5*154 
86473 
i«io 
41367 
7DP47 

14883 


37184 
736:9 

45763 
81361 

51694 
8643 
10905 
55 iJJi 
89031 
11698 
56105 
89158 
11159 
54813 
87113 
>9393 
51317 
83017 
14198 

76763 
07564 
38149 
68519 


5^198 
9S106 
37551 
76641 
5384 
53783 

=9578 
66986 
04073 
40847 
77311 
13473 
49336 
8 4905 
io.|j 
55180 
89896 
14337 
58507 

59431 
9*559 
154.15 
58065 
90451 
11597 
54507 
86184 
17631 
48854 
79853- 
10633 


61195 

41476 
3053« 
19139 
57^5 
95634 
33334 
70709 
07765 
44J07 
8oiMa 
17073 
51906 
88446 
13697 
58665 

93W3 
17766 

95785 

61756 
95858 

61314 
93676 
15798 
57685. 
89339 
10765 
51964 
81941 
13699 
44140 
7+568 
04685 
34596 
64301 , 


81133 
09856 
3839° 
66739 
94903 
118S6 
50690 
78317 
05769 
.33049 


o 

43913 

ao4i20o 

ao68z59 

70955 

^095150 

97830 

2121876 

24540 

2148438 

51086 

2174839 

77471 

2201081 

03696 

2227165 

29764 

aa53093 

55^77 

2278867 

81436 

2304489 

07043 

2329961 

32500 

^355*84 

57809 

2380461 

82971 

240549a 

07988 

2430380 

32861 

2455*^7 

57594 

5^479733 

82186 

2504200 

^6639 

25^8530 

30956 

a55»7^? 

55137 

2576786 

79185 

2600714 

03099 

26245 I I 

26883 

2648178 

50538 

2671717 

74064 

2695129 

97464 

2718416 

20738 

2741578 

43888 

2764618 

66915 

2787536 

89821 

2810334 

12607 

2833012 

35274 

^^55Sn 

57823 

%878oi7 

80255 

2900346 

02573 

2922561 

24776 

2944662 

46866 

2966652 

68845 

2988531 

90713 

3010300 

12471 

3031961 

34I2I 

3053514 

.55663 

3074960 

77099 

3096302 

98430 

31 I 7539 

19657 

3138672 

40780 

3159703 

61801 

3^80633 

82721 

3201463 

03540 

3222193 

24261 

3242825 

44882 

3263359 

6^407 

3283796 

«5834 

3304138 

06167 

3324385 

26404 

3344538 

46548 

3364597 

66598 

3384565 

86557 

34Q444^ 

06424 


46625 
V3650 

00508 
27202 

53732 

80100 
06310 

58260 
84004 
09596 
35038 
60331 

85479 

10482 

35341 
60059 

84637 
69077 

33380 
57548 
81582 
05484 

29255 
52896 

76410 

99797 
23058 

46196 

69211 

92105 

14879 

37534 
60071 

82492 
04798 
26990 
49069 
71037 
92893 
14641 
36280 
57812 

79237 
00557 
21774 
42887 

63.898 
84807 
05617 
26327 

46939 
67454 
87872 
08195 
28423 

48557 
68598 

88547 
08405 


49335 
76344 

103185 
\ 29862 

! 56376 
82729 
08922 

34959 
66841 

86570 

12146 

37574 

, 62853 

' 87986 

1 12974 

378^9 
62523 

87087 

11513 
35803 

59957 
83978 
07867 
31625 

55^53 
78754 
02129 

25378 
48503 
71506 
94388 
17150 

397^3 
62319 

84728 

07022 
29203 
51271 
73227 

95073 
16809 

38438 

59959 
81374 
02684 
23889 
44992 
65993 
86893 
07692 

28393 
48995 
69500 

89909 

10222 

50440 

5056s 

70597 

90537 
1 10386 


( 

4- 

i 

5 

6 

1 

8 

9 * 

< 
,52044 

54750 

57455 

60159 

62860 

65560 

■ 79035 

81725 

84414 

87100 

89785 

9246^ 

■ 05860 

08534 

11205 

13876 

16544 

19211 

32521 

35178 

vm 

40487 

43139 

45790 

59018 

61659 

64298 

66936 

69572 

72207 

853^-5 

87980 

90603 

93225 

95845 

98464 

il533 

14942 

16750 

19356 

21960 

24563 

37555 

40148 

42740 

45331 

47920 

50507 

63421 

65999 

6SS76 

71151 

73724 

76296 

89134 

91697 

94258 

9681C 

99377 

01934 

14696 

17244 

19790 

22335 

24879 

27421 

40108 

42641 

45173 

47703 

50232 

52759 

65373 

67891 

70408 

72923 

75437 

77950 

90491 

92995 

95497 

97998 

00498 

02996 

13*465 

17954 

20442 

22929 

25414 

27898 

40296 

42771 

.45245 

47718 

50189 

52658 

64986 

67447 

69907 

72365 

74823 

77278 

^9536 

91984 

94430 

96874 

99318 

01759 

13949 

16382 

18815 

21246 

23675 

26103 

38224 

40645 

43063 

45481 

47897 

5031* 

62365 

64772 

67177 

69582 

71984 

74386 

86373 

88766 

91158 

93549 

95939 

98327 

10248 

12629 

15008 

17385 

19762 

22137 ^ 

33993 

36361 

38727 

41091 

43455 

45817 

57609 

59964 

62317 

64669 

67020 

6936^ 

81097 

83439 

85780 

88x19 

90457 

92794 

04459 

06788 

09116 

11443 

13769 

16093 

27696 

30013 

32328 

34643 

36956 

39268 

50809 

53114 

55417 

57719 

6002p 

62320 

73800 

76092 

78383 

80673 

82962 

85250 
08059 

96669 

98950 

01229 

03507 

05784 

194*9 

21688 

23955 

26221 

28486 

30750 

42051 

44307 

46563 

48817 

51070 

53322 

64565 

66810 

69054 

71296 

73538 

75 7 7^ 

86963 

89196 

91428 

93660 

95890 

9811$ 

09246 

11468 

13689 

15908 

18127 

20344' 

31415 

33626 

35^35 

38044 

40251 

42457 

53471 

55671 

57869 

60067 

62263 

64458 

75417 

77605 

79792 

81979- 

84164 

86348 

97252 

99429 

01605 

03781 

05955 

08128 

18977 

21144 

23309 

25474 

27637 

29799 

40595 

42751 

44905 

47059 

49212 

51363 

62105 

64250 

66394 

6^537 

70680 

72826 

83509 

85644 

87778 

89910 

92042 

9417* 

04809 

06933 

09056 

11178 

13300 

15420 

26004 

28118 

30231 

32343 

34454 

3656^ 

47097 

49201 

5^303 

53405 

55505 

57605 

68088 

70181 

72273 

74365 

76455 

78545 

8897; 

91061 

93143 

95224 

97305 

99384 

09767 

1 1 840 

13913 

15984 

18055 

2012^ 
407'66 

30457 

32521 

34584 

36645 

38706 

51050 

53104 

55157 

57209 

59260 

^1310 

71545 

73589 

75633 

77675 

79716 

81757 

91944 

93979 

96012 

98045 

00077 

02108 

12248 

14273 

16297 

18320 

20343 

22364 

32457 

34473 

3648B 

38501 

40514 

42526 

52573 

54579 

56585 

58589 

60393 

62596 

72595 

74593 

76589 

78584 

80579 

82572 

92526 

94514 96502 

98488 00473 1 

02458 

12366 

14345 

16323 1 

18301 

20277] 

22259 


' 

i 
16100 

li ; 

3 

30145 

4 

3H16 

S 

34086 

6 

36055 

3B013 

i 

39991 

f 

34M»17 

41957 

1443913 

45887 


49814 

51776 

53737 

55698 

57657 

59615 

61573 

3463530 

65486 

6; [ 

», 

71348 

73300 

75151 

77ii» 

79151 

81101 

3483049 

84996 

S( I 

90831 

91775 

9471 B 

96660 

98601 

0054» 

3J01480 

04419 

ot S 

08193 

10119 

11163 

14098 

16031 

17963 

*^f 

3J"82j 

13755 


17611 

19539 

31465 

33391 

35316 

37139 

39^ 

3541084 

43006 

* s 

46846 

48764 

50681 

51599 

54515 

56431 

58341 

3560^59 
3J 79348 

61171 

6. ! 

65994 

67905 

69814 

71713 

73630 

75537 

7744J 

81153 

8: S 

85059 

86961 

88861 

9076* 

9*661 

94560 

96451 

35983JJ 
3617178 

00151 

0; 5 

04041 

05934 

07817 

09719 

ir6io 

13500 

'siv' 

19166 

!■ J 

11939 

14815 

16709 

18593 

30476 

31358 

3*m 

3636110 

37999 

3! 3 

41756 

43633 

45510 

47386 

49160 

51134 

53007 

3654880 

56751 

5i 1 

6049* 


64130 

66097 

67964 

69830 

71695 

3673559 

75413 

7: ! 

79147 

81008 

OM^ 

84J18 

86587 

88445 

9030, 

369*15.) 

94014 

9. ? 

97713 

99576 

03180 

05131 

06981 

aSiitt 

3710673 

11516 

I: I 

16119 

l§o65 

19909 

11753 

13596 
41983 

»5438 

17179 

3719110 

30960 

3-- ) 

34637 

36475 

38311 

40147 

43817 

45651 

3747483 

49316 
67594 

S 7 

51977 

54807 

56636 

58464 


6iir8 

63944 

3765770 

6. i 

71140 

73061 

74B84 

76704 

78514 

80343 

8iJ6i 

37B3979 

85796 

8' 1 

89417 

9 1 141 

93055 

94868 

96680 


003M 

380UI1 

03911 


07538 

09345 

11151 

11956 

14761 

?Sj 

.8348 

3810170 

1I97» 

1: i 

15573 

17373 

19171 

83096 

3S76S 

34563 

36359 

3S38154 

39948 
57850 

4: I 

43534 

45316 


48908 

50698 

51487 

541 7J 

3Sj<5o63 

6< i 

614II 

63106 

64990 

66773 

68555 

70337 

71118 

387389S 

756,78 


79135 


81789 

84565 

86340 

88114 

89888 

3891661 

93433 

9: : 

96975 

98746 

00515 

01184 

04051 

05819 

07585 

3909351 

11116 


[4644 

16407 

18169 

19931 

iiSgr 

13451 

UliI 

3916970 

18717 

30485 

31141 

33997 

35751 

37506 

39160 

41013 

41765 

394*517 

4616B 

480*8 

49767 

51516 

53164 

550" 

56758 

58J04 

6oi49 

39*'993 

63737 

65480 

67113 

68964 

70705 

71446 

74.85 

759»4 

7^3 

3979400 

81137 

81873 

84608 

86343 

88077 

89811 

91543 

93*75 

95007 

3996737 

98467 

00196 

D1915 

0565J 

05380 



r0557 

iiiSi 

4014005 

.5718 

17451 

19173 

10893 

11614 

14333 


17771 


4031105 

31911 

34637 

30351 

3B066 

39180 

41491 

43105 

44916 

& 

4048337 

50047 

51755 

53464 

55171 

56878 

58584 

60189 

61994 

4065401 

67105 

68807 

70508 

71109 

'X 

7560S 

77307 

79005 

8b703 

4081400 

84096 

85791 

87486 

89180 

9*567 

94159 

95950 

97641 

4099331 


01710 

04398 

06085 

07771 

09459 

11144 . 11819 

14513 

4116197 

17B80 

19561 

21144 

M9iS 

14605 

16185 

17964 19643 

313» 

4i3»998 

34674 

36350 

380*5 

39700 

41374 

43041 

44719 ■ 46391 

isSsj 

4149733 

51404 

53073 

54741 

56410 

58077 

59744 

6141D 03076 

64741 

41664OJ 

68069 

69731 

71394 

73056 

74717 

76377 

78037 , 7969S 

S1355 

4183013 

84670 

863,7 

87983 

89638 

91*93 

91947 

94601 96,54 

97^ 

419955? 

01108 

01850 

04509 

06158 

07806 

09454 

.1.01 ; .,748 

14394 

4*16039 

17684 

193,8 

10971 

11614 

14157 

15898 

17539 , 19180 

30810 

4131459 

34097 

35735 

37371 

39CCI9 

40645 

41181 

43916 45S50 

4718J 

4148S16 

50449 


537" 

55341 

56971 

58601 

60130 

61858 

63486 

41651x3 

66739 

68365 

69990 

71614 

73138 

74B61 

764S4 

78106 

79T17 

4181348 ! 81968 

84588 

86*07 ■ 87815 

89443 

91060 

91677 

94*93 

959°8 

4197513 ■ 99'37 

00751 

01363 

03976 

05588 

07199 

08809 

10419 

IlOlJ 

4313638 1 15146 

16853 

18460 


*I6J3 

,3178 

14B83 

1648? 

»8^ 

4319693 ' 31195 


34498 

36098 

37698 

39198 

40B96 

41495 

4409* 

4345689 47185 


50476 

51071 

53665 

55159 

56851 

58444 

6003J 

4361616(63117 

64807 

66396 

67985 

69573 

71161 

7174E 

74334 

759M 

4377506 

79090 

to675 

81,58 

83841 

854?3 

87005 

88587 

90167 

91747 

4393317 

94906 

96484 

98061 

99639 

01116 

01791 

04368 , 05943 

0751T 

4409091 

10664 

11137 

13809 

15380 

16951 

iBji* 

1009a ! 11661 

13*30 

4414798 

16365 

17931 

19499 

31065 

31630 

34195 

35759^37311 

388SS 

4440448 

41010 

43571 

45131 

46691 

48151 

4981 1 

51370 519*8 

54485 

4456048 

57598 

J9154 

60709- 

*1364 

63818 

6J371 

M9,j 

68477 

700») 


^80 
^%j 
iZi 
«83 
484 
a85 
286 

a87 
a88 
289 
^90 
jt9i 
992 

a93 
294 

395 
396 

297 
^98 
^99 
300 

302 

303 

304 

3P5 
306 

308 

309 
310 

3x1 

3I» 

3^3 

3M 

315 
316 

317 
318 

319 

320 
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51*38 
56163 

61082 

65996 

70905 

75807 
80705 

85597 
90483 

95364 

00239 
05109 

09973 
1483* 
19686 

*4534 
29377 

34*14 
39046 

43873 
48694 

53510 

583*0 

631*5 

67925 

72720 

77509 
8**93 
87072 

91845 
96614 

01377 
06135 

10887 

15635 
*0377 

29846 

34573 
39*94 
440 1 1 
48722 
53428 
58130 
62826 

67517 
72203 

76884 

8x559 
86230 

90896 

9S5Sy 
00213 

04863 
095 09 

14x50 
X8786 

; *34I7 

1 28043 


4680Q 

51730 

6x574 
66487 

71395 

76297 

8x194 
86085 
90971 

; 9585* 

! 00726 

! 05596 
X0459 

^53iii 

20171 

25018 
29861 

34697 
395*9 
44355 
49x76 

53991 
58801 

63606 

68405 

73x99 

77988 

82771 

87549 
9*322 

97090 

0x853 

06610 

1x362 

16109 

20851 

^55 87 
303x9 

35045 
39766 

44482 

49x93 
53899 
58599 
^3^95 

(^19^5 
72671 

7735X 
82027 
86697 
91362 

«yC)023 
00678 
05328 

09974 
X4614 

19249 

23880 

18506 


47*94 
S'i'ii3 
S7U7 
62066 
66978 
7x886 
76787 
81684 

86574 
9x460 

96339 
0x213 

06082 
X0946 
X5803 
20656 
*5503 

30345 
35x81 

40012 

[44837 
549657 
5447* 
'59*8* 
', 64086 
1 68885 

i 73678 

I >8466 

83249 

88027 

92800 

97567 
02329 

07086 
I1837 

16583 

*X3*5 
26061 

3079* 
355x7 
40*38 

44953 
49664 

54369 
59069 

63764 
68454 
7.3x39 
77819 
82494 
87164 
9x829 
96488 
01 143 

05793 
10438 

X5078 

19713 

*4343 


47787 
5*7x6 

57639 
6*557 
67469 

7*376 

77*77 
82173 

87063 

91948 

96827 
0x701 
06569 

XX43* 
16289 
21x41 

15987 
30828 

35664 
40494 

453x9 
50x39 

S49S3 
59762 

64566 

69364 

74157 

78945 

837*7 
88505 

93276 

98043 

02805 

0756X 

X23r2 

17058 

2x799 

*6534 
3X*64 

35990 
40710 

454*5 
50x35 

54839 
59S39 
64*33 
68923 
73607 
78287 
82961 
87630 
92295 

96954 
01608 
06258 
10902 

1554* 
ace 76 

*48o5 


28968 1 *9430 


48*80 
53*08 
58X3X 

63049 
67960 
72866 
777167 
82662 

8755* 
9*436 

973x5* 

02x88 

07055 
X1918 
16774 
2x626 
26472 

3x31* 
36x47 

40977 
45802 
50621 

55434 
60243 

65046 
69844 
74636 

794*3 
84*05 

88982 

93753 
985*0 
03281 
08036 
X2787 

X753* 
22272 
27007 

3x737 
36462 
4118X 
45896 
50605 

553<^ 
60009 

64703 

69392 

74076 

78754 
83^*8 
88097 
92761 
974*0 
02074 
06722 
1x366 
16005 
20639 
25268 
1989* 


48773 
53701 
58623 
63540 
6845 X 

73357 
78*57 
8315X 
88040 
92924 
97802 
02675 

0754* 
X2404 
X7260 
22111 
26956 

31796 
3663X 
41460 
46284 
5XX02 
559JC6 

607*3 
65526 

703*3 

75 1 15 

79902 

84683^ 

89459 
94*30 
98996 

0375^ 
08512 
X3262 
x8oo6 
2*746 
*748x 
32*10 

3^934 

4x653 
46367 
5x076 
55780 
60478 
65x72 
69860 

74544 
79222 

83895 
88564 

93**7 
97885 

0*539 
07x87 
1x830 
16469 

*IX02 

*573X 
30354 


9 

49*66 

54x93 

59"JF 
64031 

6894* 

73«47 
78747 
83641 
88529 

934X* 
98290 
0316a 
08028 
X2889 

17745 

**595 
*7440 

3**80 

37XX4 

4x943 
46766 

5x584 

56397 
6x204 

66006 

708c 

755^. 

80380 

85161 

89937 
94707 

9947*- 
04*3*- 

08987 

X3736 
X8481 
23220 

*7954 
3*683 

37406 
4*x*5 
46838 
5x546 
56*50 
60948 
65641 

703*9 
7501a 
79690 

8436* 
89030 

93693 

98351 
03004 

0765a 

X2294 

1693a 

2x565 

26193 

30816 


1 

• 

3 

* 


e 

1 

• 

9 

31 741 

31M1 

3*664 

33(16 


340J0 

345« ' 3*973 

3SASS 

363J8 


371B1 

37741 


38664 

39116 39jB? 

40048 

40970 


41891 

41353 


43174 

43735144196 

44656 

4JJ7T 


46498 

46959 


47879 

48340 ; 48S00 

49160 



51100 

5.560 


J1479 

511139; J3399 

53858 

J4778 


JlSJ 

56156 


57075 

57534 '5799J 

58451 

i?370 


60747 


6i66i 

61114 

6ija* 

63041 

43MS 


64875 

65334 


66151 

66709 

67167 

67615 

68541 


6J458 

69915 


70K31 

71189 


79104 

731W 


74035 

74491 


75407 

758S4 

763^1 

76779 

.77693 


78607 

79064 


79978 

80435 

S0891 

81348 

siilt 


83175 

83631 


84544 

8500. 

85457 

85913 

863*6 


87738 

88194 


89106 

S9561 

90017 

9°473 

9*385 

i > 

91196 

91751 


93661 

94118 

94573 

950*8 

3 


s 

97304 


98114 

98669 

991*4 

!*9579 


orSji 


01761 

03*16 

03670 

041IJ 

050J3 


05941 

06396 


07304 

°77J8 

oS»i* 

08666 

09J73 


10481 

10934 


11B4J 

IM95 

1*748 

13101 

14108 


15015 

15468 


16374 

16817 

17*80 

17753 

1S639 


19544 

'9997 


10901 

"355 

*i807 

«*6o 



.4069 

1451* 


15416 

15878 

16330 

»67B» 



*858$ 

19041 


19945 

30396 

J0848 

31199 



33105 

33556 


34459 

34910 

35361 

3581* 

36714 


3?6i6 

38066 


JS968 

39419 

39869 

403*0 

41111 


4«w 

41571 


43473 

43913 

44373 

44813 

45713 


46613 

47073 


47973 

48411 

48871 

493" 

5011 1 


jirio 

51569 


S1468 

51917 

53366 

53816 

54714 


5561* 

5606T 


56959 

57407 

57856 

5830s 

59101 


60099 

60J48 


61445 

61893 

61341 

61790 

^'686 


645S* 

65030 


65916 

66374 

668*1 

67170 

fiSifij 


69060 

69J08 


70403 

70850 


71745 

7*640 


73J34 

73981 


74B7J 

753" 

75769 

76116 

77109 


7I003 

78450 


79J43 

79789 

B0136 

8068* 

815 75 


81467 

81913 


83S06 

84151 

B4698 

8J144 

86035 


86917 

87373 


38164 

887(0 

89155 

89601 

9049* 


91381 

91818 


9171S 

93163 


94053 

94943 


95833 

96178 


J7167 

97611 

98057 

98501 

993 JO 


oot79 

00713 


00611 

01056 

01500 

0*944 

03833 


04711 

05164 


06051 

06496 

06940 

07383 

08171 


09158 

0960. 


ic43g 

10931 

"374 

ilSiB 

11704 


13590 

14033 


14919 

J5361 

15805 

16147 

17133 


iSoiS 

1S461 


193-15 

19788 

10*30 

10673 

"557 


11441 

1*834 


13768 

14110 

14651 

15093 

15977 


16S60 

37301 


iSi8j 

18617 

19068 

19510 

30391 


31175 

31716 


31596 

33039 

33480 

339*1 

34803 


35685 

36115 


37^7 

37447 

3J888 

38319 

39*09 


40090 

40531 


414'! 

41851 

43191 

4*731 

43611 


44491 

44931 


45 Bn 

46150 

46690 
51085 

47130 

4S009 


48888 

49317 


J 0106 


51514 

5140* 


53180 

53719 


545?; 

55036 

55474 

J59'3 

56791 


576S8 

58106 


5S983 

59411 

59860 

60108 

6li?5 


61051 

61489 


63365 

63803 

64141 

64679 

6J5J4 


66430 

66B67 


67743 

68180 

636iE 

69055 

6493° 


70804 

71241 


71110 

71553 

7*990 

73417 

K 


75174 

75611 


76484 

769*1 

77358 

77794 


79540 

79976 


80849 

81*85 

Bl7*i 

81.57 

83019 

! 

83901 



85*09 

85645 

86080 

B6j.6 

87387 

1 

88158 



89564 

90000 

9°435 

90870 

& 

s 

916H 

93046 


93916 

94350 

94785 

951*0 

s ■ 

96959 

97393 


Wi6i 

98697 

99131 

99566 


T 


A 


B 


L 


E 


O t 


Artificial SinhS) Tangents, and Secanti* 


fl{ifl*ii*ky^ ^lti[>»^i»^W^I^W^ 


t« 


A Table of Artifidal Sines, 




Degree. 



Sine. 



Tang. 

Secant. , 

...oooocoo ■■ — 

0.00C0000 

Infinite. 


Infinite. 



IO.0O0OO0O 

463"6» 

9-99519999 

6.4637161 

13-5361739 
ai5a43S 


13.^361739 
^35*439 

7<S47j6l 

959999y 

7647561 

ooooooi 

940S473 

999999S 

9408475 

0591515 


0591517 

7.o(ij786o 

9999997 

7.06JJ863 

11.9341137 

0000003 

It.034ll40 

8373040 

1M696C 

9999995 

1616964 

837303* 

0000005 

im877l 

99Sl99y3 

1418778 

75811M 

0000007 

t58ii»9 
6911761 

30S81J9 

9999991 

3088148 

6911751 

0000009 

J668IJ7 

99995,88 

3668.69 

6331831 

OOOOM* 

C331843 

417968" 

9999985 

4179696 

58W304 

0000015 


■ i^ 

9999981; 
9999978 

4637173. 

50JI1O3' 

*94K?97' 

0000018 

odbooii- 

Bii 

Sj 

9999974 

J419091 

4570909 

OQ00016 

4570935 
4113316 

ii 


5776715 

4113*85 

0000031 

1° 

9999964 

6098J66 

3901434 

0000036 

3901470 

5o 

9999959 
9999953 

6398101 
6678492 

3601799 
3311J08 

0000041 

OD00047 

3601 S40 

3311555 

6941733 

9»9934 

6941786 

3058114 

0000053 

3058167 

J 189966 

7190016 

1809974 

0000060 

1810034 

741477J 

7414841 

1575159 

OOOQ066 


■7647J37 

9999J17 

7647610 

1351390 

-0000073 

«^63 

S?S} 

9997919 

7859508 

114049* 

oooooSi 

99999" 

806IJ47 

1938453 

0000089 

'93854a 

iisii°7 

-9999003 

8154604 

1745396 

0000097 

1745493 

8*39338 

9999894 

8439444 

IJ60556 

0000106 

1560681 

8616613 

999988J 

8616738 

1383161 

0000115 

^383377 

8786953 

9999876 

8787077 

I 11 191 3 

0000114 

I 113047 

89J08i4 

9999866 

JO49011 

0000134 

1049146 

9108793 

9999856 


o89io6i 


0891107 

9»0ti<)o 

9999845 

9161344 

0738656 

0000155 

0738810 

9408419 

9999835 

9408584 

0591416 

0000165 

0591581 

%■& 

9,1,9813 
99!)9«ii 

Sa 

0449004 
03i]:iE4' 

OOQOI77 

.Q0OOl«g 

0449*81 

98W334 

9999800 

9811534 

0177466 


0177666 

99JI980 
„ 0077867 

9999788 

9951191 

0047B08 


004801c 

9999775 

8.0078091 

11.9911908 

ooooiaj 

11.9911133 

'0*001107 

9999761 

0100445 

'« 

0000138 

|28gi 

°3'3»9J 

SS??"8 
9*99 'j: 

0319446 

0000151 

O435009 

043^7+"" 

.9i64J'i6 

0000^5- 

9564991 

0.547814 

99997" 

0548094 

9451506 

0000179 

945ai86 

06J7763 

9999706 

0658057 

9341943 

0000194 

9341137 

0764997 

9999691 

0765306 

9134694 

0000309 

9135003 

0869646 

9999676 

0869970 

9130030 

0000314 

9130354 

0971B31 

9999660 

097117a 

90117818 
89*7975 

0000340 

901S16S 

107 16 69 

9999644 

1071015 

0000356 

8918331 

1169161 

9999618 

1169634 

8630366 

0000371 

8830738 

,164710 

9999611 

11650W 

8734901 

0000389 

8735*90 

13JB104 

9999594 

1358510 

8641490 

0000406 

■8641856 

I449J31 

9997S77 

1449956 

8550044 

0000413 

8550468 

Iffil 

9999559 

1539516 

8460484 

0000441 

^60915 

9999541 

i6a7a67 

8371733 

0000459 

8373191 

1711804 

99995"^ 

1713181 

8186718 

0000478 

8187196 

1797119 

9999J03 

1797616 

8101374 

0000497 

S101871 

18798418 

9999484 

1880364 

8119636 

8038444 

0000516 

81 10151 

iSfiioao 

9999464 

1961556 

0000536 

80385*80 

3040703 

9999444 

1041159 

7958741 

0000556 

K! 

1..S949 

99994*4 

1119516 

7880474 

0000576 

ai9j8ii 

9999403 

ai964o8 

780359a 

0000597 

7804189 

»S7I33J 

9999381 

1171953 

77i»047 

0000618 

77186S5 

I34jj68 

9999360 

4346103 

765379a 
7j8o7Sj 

0000640 

7654431 

t+l^JJ 

•SMWajS' 

■HV9"S 

000066a 

7581447 


Tangents/ znd Sccapts. 


Slue. 


>«i 1 . J. jiKj 


2630424 

11698S10 
a766i36 
2839434 
»897734 
2964067 

3015460 
3087941 
3149^36 
3210269 
3270163 

3329243 
3387529 

3445P43 
3501805 

3557^35 

3613^50 
,3667769 

372IZJO t 

3774988 
3827620 
3879622 
3931,008 

3p8j793 
4031990 
408x614 
4130676 
41 79190 
4227168 
4274621 
4321561 

43.67999 
4413944 

4459409 
4504402 

4548934 
4593013 
4636649 
4679850 
4722626 

4764984 
4806932 

4848479 
4889632 

4930398 
4970784 
5010798 

5050447 
5089736 

55^28673 
5167*64 
5205514 
5243430 
5281P17 
5318281 
5355228 
5391863 
5428192. 


9-999^^ 
9999316 

9999*94 

999)^271 

9999247 
9999**4 
9999200 

9999x75 
9999150 

9999*25 
9999100 

9999074 
9999047 

9999021 

9998994 
9998966 

9998939 
99989U 

99^^8882 

9998853 
9998824 

9998794 
9998764 
9998734 
9998703 
9998672 
9998641 
9998609 

9998577 
9998544 
9998512 
9998478 

9998445 
999841 I 
9098376 

9998342 
9998306 
9998271 
9998235. 

9998199 
9998162 

9998125 

9998088 

9998050 

9998012 

9997974 

9997935 
9997896 

,9997856 

9997817 

9997776 

9997736 

9997695 
9997^53 
99976x2 

9997570 
9997527 
9997484 
9997441 
9997398 

1 999W4 


I Itegfee^ 

Tang. 


8.24x92x5 

*49Xoy 
2561649 
2631153 
2699563 
27669x2 

2833234 
2898559 
2962917 
3026335 
3ro888^2 
3150462 

321 {221 

327XX43 
3330249 

3388563 

3446105 
3502895 

3558953 
3614297 

3668945 
37229x5 
3776223 
3828886 
3880918 
3932336 
3983152 

4033381 
4083037 

4I32I32 
4180679 
4228690 
4276176 

4323150 
4369622 
44x5603 
446II03 
4506x31 
4550699 

4594814 
4638486 
468x725 

4724538 
4766933 

4808920 

4850505 

4891696 

4932502% 

4972928 
50x2982 
5052671 
509200X 

5130978 

51690x0 
5;iO70O2 
5245860 
5283490 

53*0797 

5357787 
5394466 

J439$i8 


Secand^* 


^1.7580785 
7508985 

7438.35X 

73^8847 

7300437 
7233088 

7x66766 

710144X 

7037083 
6973665 
691x158 

6849538 
6788779 

]7>8857 
^669 75 X 
'61x437 
^553895 
0497105 
644XP47 

6385703 

6331055 
6277085 

623375f7 
6171x14 
6119082 
6067664 
6016848 
59666x9 

59X6963 
5867868 
58X932X 
577x310 

5723824 
S676ZSO 
5630378 

5584397 
5538897 

5493869 
5449301 
5405x^6 

53615x4, 
5318275 
5275462 

5233067 
5191080 

5x49495 
5108304 

* 5067498 

5027072 

498^018 

4947329 

4987999 
4869022 

4830390 
4792098 

4754x40 
47x65x0 

4679203 

4642213 

4605534! 

4^69x6^' 


I0.OOO0W)2 

0000084 

9000706 

0000729 

9000753 

00007,76 

0000800 

0000525 

0000850 

0000875 

00009^00 

oc>0O9^6 

0000953 

00005^79 

0001006 

0001034 

oooio<6x 

0001089 

000XX18 

0001147 

000XX76 

000x3^ 

0001236 

0001266 

0001297 

0001328 

OQ01359 

00Q139X 

000x^23 

oooii^6 

000x488 

Q00X522 

oooijf55 

000x589 

0001024 

9001658 

000x694 

000x729 

0001765 

000x801 

0001838 

0001875 

00019x2 

00D1950 

00019^8 

0002026 

0002065 

0002x04 

0002144 
0002183 

0002224 

0002264 
0002305 

0002347 
0002388 
0002430 

0002473. 
00025 f 6 
0002559 
00026^2 


11.75^x447 

7509668 

7439?57 
7369576 

730x^90 

7233864 
7167566 
7102266 

7037933 
697-1540 

69x2659 

68^0464 

678973X 
6.7.29837, 

6670757 
66x247 X 

^S^S49S7 
6498195 

6442165 
6386850 
6332231 
6278290 
6225012 
6x72380 
6120378 
6068992 
6018207 
5968010 
5918386 
5^69324 
58208IQ 
5772^32 
5725379 

5678439 
5632001 

5586056 

5540591 
5495598 
545x966 

5496987 

5363351 
5320150 

5277374 
5235016 
5193068 
5x5x521 
5 I 10368 
5069602 
5029216 
49^^9202 

4949553 

4916264 

'4871327 
4832^36 
4794486 
4756570 
47x8983 
4681 719 

4644772 
4608137 


60 

59 
58 
57 

5S 
54 
53 
5* 
51 
SO 

4a 

47 

46 

4^ 
44 

43 
A% 
4J 
4P 

^t 
38 

37 

36 

35 
34 
31 
32 
31 

2 
2 

«5 
«4 

*3 
22 

2X 

2p 

x8 

16 
xi 

14 

13 
X? 

io 

I 
I 

5 
4 


«, 

■f** 


I 


/ 


A Table of Artificial Sinca, 




s Degrees. 



Sine. 

T«ig. 1 

Socant 1 

8.j4»8r9» 

9W7354 

8.543^ 

11.456916s 

10.000*646 

n. 4571808 

J4*4atg 

9997309 


4533091 

0001691 

4535781 

f4W948 

9997163 


4497317 

«»1735 
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3 Deerert. 
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8116407 

'873593 

,0009144 

1881736 

17 

U S136668 
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1854 ic6 


.863334 

16 

5 8IJ5985 
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ij 
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14 
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Biii9!i< 

1777016 
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8317478 
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A Table of Art^col Situ, 
4 D^ees. 
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- . '7 
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9185 set 
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9989319 
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99887S0 
9988689 
9988598 
9988506 
9988414 
9988311 
9988*18 
9988135 
9988041 
9987947 

9987758 
9987663 
9987567 
9987471 
9987375 
9987*78 
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9986691 
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99«59-'!»^ 
; 9985886 
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9985681 
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9985058 
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89*7410 
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9008030 
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1071580 
1056,140 
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s 
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M 
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4 
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♦c 
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3S 
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3 
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3 
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}i 

001*916 
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35 
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3^ 
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33 
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1085791 

3 
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1069649 

^ 
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3C 

1037545 

1 
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1 
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* 
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»t 
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»i 
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*4 
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1. 
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K 
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'! 
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» 
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1 
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I 
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1 
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1 

0015158 
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0015471 

•74391* 
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4t 
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946*954 
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4 
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9474561 
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0479789 
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■ ^^ 
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9558940 
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m ^^ 
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0381341 
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9634545 
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0353612^ 

17 

9641697 
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x8 
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9981393 
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03*6056 

19 
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9981158 
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%i 
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9709468 

9981040 
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a% 
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97*8547 
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^3 
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9980802 

974*09* 

0*57908 

a4 
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9980683 

9755597 
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»5 

97496*4 
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9769060 

0230940 
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9764916 

9980443 

978*483 
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•7 
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99803*3 
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0*04135' 

18 

9980*01 
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19 

980*589 
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30 
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9835769 
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31 
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9848991 
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3» 

9841889 

9979716 

986*173 
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33 

98549^0 
9867891 

'9979593 

9875317 
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34 

9979470 

9888421 

0111579 

35 

9880834 

9979347 

9901487 
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36 

9893737 

9979443 
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0085486 

37 

990660a 

9979099 

9947503 

007*497 

38 

9919429 

9978975 

9940454 

0059546 

39 

993*417 

9978850 

9953367 

0046633 

^0 

5^944968 

99787*5 

9966243 

0033757 

41 

9957681 

9978599 

9979081 

00*0919 

4a 

9970356 

9978473 

9991883 

C008117 

43 

998*994 

9978347 

9.0004647 

IC-9995353 

44 

9995595 

9978220 

0017375 

998*625 

45 
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9978093 

0030066 

9969934 

46 

0020687 

99779*6 

004*721 

9957*79 

47 

0033179 

9977838 

0055340 

9944660 

48 

0045634 

9977710 

0067924 

993*076 

49 

0058053 

• 997758* 

0080471 

9919529 

50 

0070436 

9977453 

. 0092984 

9907016 

Ji 

008*784 

99773*3 

0105461 

9894539 

:5» 

0095096 

9977Jt94 

0117903 

9882097 

53' 

0107374 

9977064 

0130310 
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9976933 

014*68* 

^857318 

55 

OX3J823 

9976803 
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56 

0143996 

997667* 

0167325 
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57 

0156135 

9976540 

0179594 

98*0406 

'58 

0168*39 

.9976408 

0191831 

^808169 

59 

0180309 

9976*76 

0*04033 

9795967 

tto 1 0x^2^46 { 

1 — ' . ^. 

•'9976143 

• 

c*i6*o* 

97^379? 
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10.00x6558 
0016668 
0016780 
0016891 
0017003 
0017115 
00172*8 
0017340 
0017454 
0017567 
001768* 
0017796 
0017911 
0018026 
0018141 
0018*5.7 

0018374 
0018490 
0018607 
00187*5 
0018842 
0018960 
0019079 
0019198 
0019317 

0019437 

0019557 
0019677 

0919798 
0019919 
0020040 
002016* 
0020284 
0020407 
0020530 
0020653 
0020777 
0029901 
0021025 
0021150 
0021275 
0021401 
0021527 

0021653 
0021780 

00*1907 

0022034 

0022162 

00**290 

0022418 

0022547 
0022677 
0022806 
0022936 
0023067 
0023197 
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0023592 
0023724 
.00*3857 


11.059704016^ 
0J82624I59 

0568*57 J 5^ 
0553937 157 


56 

-JS 
50 
5S 
5* 
51 
59 

4V 
48 

% 

45 
44 
43 
44 
41 
40 

S9 
3^ 
37 
36 
35 
34 
'33 
34 
31 

30 
*9 


P539665 

05*5439 
0511*61 

04971*9 
0483043 
0469004 

0455Q09 
044x060 

04*7157 
0413*97 
0399483 
0385712 

0^71986 
0358303 
.0344663 
0331066 

Q317513 

0304001 

0290532 
0277105 
0263720 
0250376 

0*37074 

02*381* 

0210592 

01974JI 

0x84*71 

0171171 

0158111 1 *8 

, JO145090 27 

. 0134109 ', 26 

0119166 ; *5 
0066263 I 24 

0093398 f 13 
0080571 24 

0067783 1 21 

0055034 1 *o 

00443^9 
00*9644 
0017006 

0004405 
1019991840 

9979313 
9966821 

. 9954366 

9941947 
99*93^4 

9^17216 

9904904 
989*626 
9880384 
9868177 
9856004 

9843865 
.9831761 
9819691 
9807654 


^2 

x8 

17 

i6 

15 
14 

X3 

II 

IX 

10 

I 

7 
6 

S 

4 
3 

'1 

I 




^ A Tabic of Arti^cial &iddS} 

6 Degrees. 


Sine. 

T,ng. 

Secant- *' 

9,oisiih6 

9-9976143 

90116101 

10.9783798 

10.0013857 

10.9807654 

0104348 

9976iH 

011833S 

9771661 

0013989 

iw& 

0116318 

9975877 

0140441 

9759559 

0014113 

oaiBi54 

9975743 


9747490 

00141J7 

9771746 

OI40IJ7 

9975609 


973J4J1 

001439' 

9759843 

01J1017 

9975475 


9713448 


9747973 

01638SJ 

9975340 

0188514 

$711476 


9736135 

o«7566ll 

99751OJ 

0300464 

9699536 

0014795 

9?*433i 

0287441 

9975069 

0311373 

9687617 

0014931 

9711558 

■ M99'8i 

9974933 

0314149 

9675751 

0015067 

97Q0818 

0310890 

997479? 

0336093 

9663907 

0015103 

9689110 

o3a»j67 

9974660 

0347906 

9651094 

0015340 

9677433 

03342" 

99745« 

0359688 

9640311 

001J477 

9665788 

0J4i8»5 

5974386 

0371439 

961856. 

0015614 

9654175 

o,1J7407 

9974148 

0383-59 

9616B4. 

O01J751 

9641593 

0368958 

9974110 

0394848 

9605151 


9631041 

0380477 

9973971 
9973833 

o4d6jo6 

9593494 


96195*3 

03919*6 

0418134 

9j§i866 


9608034 

0403414 

9973693 

0419731 

9570169 

■ 07 

9596576 

04M8ji 

997iS54 

0441199 

9558701 

i^ 

9585148 

04*6*49 

9973414 

0451836 

9547164 

86 

9J7375I > 

0437617 

9973173 

0464343 

9535657 

17 

9561383 

0448954 

9973131 

0475811 

9J14179 

68 

9551046 

046M61 

9971991 

048717° 

951*730 


?a's 

04715.1S 

997*850 

O5ioojl 

9501311 

0017150 

0481786 

9971708 

9489911 

0017191 

95 171U 

049400J 

9971566 

05114.19 

5478561 

0017434 


0505194 

9971413 

0531771 

9467119 

0017577 

^IsM 

05'6354 

99JM80 

0544074 

9455916 


05*748j 

9971137 

OJJ5349 

9444651 

63 

947*515 

0538(88 

9971993 

0566595 

9433405 

07 

9461411 

o5«966i 

9971849 

0577813 

9411187 

51 

9450339 

0560706 

9971704 

0589001 

9410998 

96 

9439194 

0571713 

997IJJ9 

0600164 

9399836 

0018441 

9418177 

05817" 

9971414 

0611197 

93B8703 

0018586 

9417*89 

0593671 

59J.168 

0611403 

9377597 

<»»!"i 

9406318 

0604604 

9971111 

0633481 

9366518 

0018878 

5rf 

0615509 

9970976 

0644533 
o6jj5j6 

9355467 

0019014 

»l 

0616386 

9970819 

9344444 

00191 71 

14 

0637135 

;57°6Bi 

o666jj3 

9333447 

0019318 

65 

0648057 

997°-f35 

0677511 

9311478 

0019465 

43 

0658851 

9970387 

0688465 

9311535 

0019613 

43 

0669619 

99J0139 

0699381 

9300619 

00*9761 

Si 

06B0360 

--90 

0710170 

9189730 

C019910 


0691074 

41 

0711133 

, ;i78867 

0030059 

16 

0701761 

91 

0731969 

9168031 

0030108 

39 

0711411 

41 

0741779 

9157111 

0030358 

79 

07*3055 

91 

0753563 

9*46437 

0030J0S 

45 

0733663 

41 

0764311 

9*35679 

CC30658 

37 

C744144 

91 

C7750J3 

9114947 

0030809 

. --.56 

07J4799 


07BJ760 

9114140 


9145901 

0765319 

88 

0796441 

9103559 

0031111 

9134671 

077583* 

1.^ 

0807096 

9191904 

0031164 

9114168 

0786310 

84 

0817716 

9181174 

0031416 

9113690 

□796 76 z 

" ^l 

0818331 

9171669 

0031569 

9103^38 

0807 I 89 

596S178 

0838911 

9161089 

003 I 71 J 


0817590 

99681^ 

^49466 

9150534 

0031875 

9181410 

0B17966 

9967971 

08J9996 

9140004 

0031019 

9171034 

0838317 

9967817 

0870501 

9119499 

. 0031183 

9161683 

0848643 

9967661 

0880981 

?!K 

003*338 

9151357 

o8j894j 

9967507 

0891438 

003*493 

9'4»5J 


Tangents, and Secants. 





s 

2 Degrc 

es 

Sine. 

Tahg. 

Secant. 

1 

a-o8j8Mj 

9.5967JO7 

9.0S91438 

1 0.9108^61 

10.0031493 

10,9141055 

6( 

oSSinii 

9i'6735» 

090.869 

909B131 

0031648 

9130779 

5 

C87B473 

91)67196 

09.117; 

9087713 

0031804 

9110517 

5 

0889 7'>= 

9967040 

0911660 

9077340 

0032960 

9110300 

i 

o8sm9o3 

99668K4 

,0933010 

9066980 

0033116 

9100097 

5 

ODIooJi 

M66JI7 

0943355 

9056645 

0033173 

90899:8 

SS 

OOIMJJ 

9Sp66j70 

■^953667 

9046333 

0033430 

9079763 

54 

b«ii367 

9966411 

09^3955 

903*045 

0033588 

9069633 

53 

OS40474 

9966 oi|2 

0974119 
0984460 

901578) 
9015540 

0033746 
0033904 

90595»6 
9049444 

S* 

o!>6«6lj 

99155937 

0994*78 

9005311 

C034063 

903P3S5 

SO 

OHJofijI 

99*5778 

100487* 

i8 

O0J4111 

9019349 

49 

0980661 

9965619 

101J044 

i6 

0034381 

9''^9338 

4!i 

09906JJ 

99*5459 



0034541 

9009349 


IOD0616 

99iS^9i 

10353.7 

h 

0034701 

8999384 

46 

ioiojiS 

99*5138 

1045410 


003-J861 

8989441 

4; 

IOS0477 

9964P77 

10555'M 


0035013 

89795*3 

44 

io3"373 

9964816 

1065557 

13 

00351:14 

89696,7 

43 

1040146 

9964655 

1075591 

=9 

0035345 

8959754 

4> 


9964493 

1085604 

16 

0035507 

8949904 

41 

ioj99»'; 

9904330 

1095594 

)6 


0940076 

4« 

io6[i7i(. 

5^64«67 

1105562 

|S 

0035833 

8930271 

39 

107WI1 

99640134 

1115508 


0035996 

8910488 

ii 

108917^ 

996384. 

1115431 

'9 

0036.59 

8910718 


1099010 

,99*3677 

"35333 

---,->? 

0036313 

8900990 

36 

1108716 

99*3513 

1.4J113 

8854787 

003648? 

8891274 

iS 

11184:0 

99*3348 

1 155071 

8844918 

c«3*65l 

8881580 

3* 

jw8op; 

9963183 

1164909 

883509. 

0036817 

887.908 

33 

1137741 

99630.8 

JI747I4 

B815176 

0036981 

8861158 

31 

1147370 

9961SJ2 

1184518 

8815481 

9037.48 

8851630 

31 

11J6977 

95161686 

1194191 

8805709 

0037314 

8843023 

30 

Ii66j6l 

9?*««9 

1104043 

8795957 

0037481 

8833438 

29 

ii;6iij 

9961351 

1113773 

87S6127 

0037648 

8823875 

iS 

1185667 

99*1185 

1113481 

877*518 

"15 

8814333 

17 

119JI88 

9961017 

i»33iri 

87*6819 

83 

8S04811 

26 

I 20468 H 

9961 !(49 

1242K39 

875716. 

51 

87953.2 

V 

I21416; 

9961681 

1151486 

87475.4 

■9 

8785833 

24 

1213614 

996.5 1 » 

iiemi 

873788B 

88 

8776376 

23 

.133061 

99*' 345 

1171718 

8:18181 

57 

8766939 


1141477 

996.171 

.i8!3C3 

871369; 

26 

875-513 


I2jl87i 

9961004 

1190868 

8709131 

0038996 

8748.18 10 

1161246 

99(^34 

1300413 

8*995^7 

0O?yi66 

8738754 .9 

12711600 

99*'=**3 

.309937 

8690063 

0039337 

8719400:18 

)1 79934 

9960-192 

.319441 

S680558 

0039508 

11710066' 17 

1.8^147 

9960321 

1318916 

8671074 


87.0753 16 

I19H5J9 

9960(49 

.338391 

8(16.609 

0039851 

8701461 15 

130781* 

9959^77 

'347S35 

E651.65 

004C.C13 

8691188:14 

1317064 

9959804 

1357160 

Sf.4S740 

C040.96 

8681956:13 

1316197 

9959*3. 

13666OJ 

.EC3S335 

00413*9 

8673:031 l> 

1335509 

9959458 

137605. 

1:613949 

004C541 

8664491!" 

1344701 

995^1-4 

13854.; 

8614583 

co4c;;6 

8655198, .0 

I35J875 

99J9IU 

i3947''-4 

86051,56 

OC4CBS9 

&646.15 

9 

J3630'« 

9958936 

1404091 

85959=8 

CO4.064 

8636971 

8 

1371161 

991876. 

14134CO 

E5K£6oo 

(i04)i3» 

86:7839 


138I175 

9958586 

1421689 

8577311 


Bi 16725 


l390J7f> 

9958411 

.431959 

8j6ir4i 

C0415K9 

8609630 


J39<'445 

9958135 

1441110 

855E790 

00417*5 

E6C0555 


I40gjo. 

y?j8o59 

1450441 

«54I>558 

CO41941 

8591499 


1417537 

9957881 

'459655 

8540345 

0041118 

i'5 82463 


1416555 

9957705 

146E849 

8/3'.." 

c^<ii95 

1:573445 


*43iJ53 

9957518 

*47Soij. 

8511975 

004147* 

iji4447 



26 

8 Degrees. 

M Sine. 


A Table of Artificial Sines, 


O 

X 

d. 

3 

4 

i 
i 

' 9 

20 
JI 
12 

»3 

II 

19 

21 
21 

«3 
«4 

a? 

29 

3^ 
31 

3a 
33 
34 
35 
3« 
37 
38 

39 

40 

41 

41 

43 

44 

45 
46 

47 
48^ 

49 
56 

51 
5* 
53 
54 
55 
56 

58 

59 
i6g( 


14355 «3 

I4445.n , 

1453493 

I46243J 

1471358 

1480261 

1489x48 

I498015 

X506864 

X5 15694 

1514507 

X53330X 
1541076 
1550834 

X559574 
1568196 
1577000 
1585686 

»594354 
1603005 

1611639 

1610254 

1618855 

1637434 
1645998 

X654544 
1663074 

1671586 

1680081 

1688559 
I 69 702 I 

1705465 

1713893 
1722305 
1730699 
1739077 

1747439 
,» 755 784 
1764112 

1771415 
I 780711 

I 7 89001 

1797165 
I 8055 II 

1813744 
18^1960 

18 301 60 
1838344 
I 8465 I 2 
X854665 
1861802 
X 8 70913 
1879019 
1887110 
1895195 

1903254 
191 1199 

1919318 
1917342 
1935341 
1943344 


Tang. 


9-995 75 »8 

9957350 

995717* 

9956993 
9956815 

9956635 
9956456 
9956176 
9956095 

9955915 
9955734 
995555* 
9955370 
9955188 

9955005 
9954811 

9954639 
5^54455 
9954171 
9954087 

9953901 
9953717 
995353* 
99S3345 
9953159 
995197* 
995*785 
995^597 
995*409 
9951111 

995*033 
95^51844 

9951654 

9951464 

I 9951274 

I 9951084 

9950893 
9950701 
9950510 
9950318 
9950116 

9949933 

.9949740 

9949546 

994935* 
9949158 
9948964 
9948769 

9948573 
9948377 
9948181 

9947985 
99^7788 

994759* 
9947393 
9947^95 
9946997 
9946798 

9946599 
9946399 
9946199 


.1478015 
1487181 

14963*1 
X50544X 
1514543 
15*36*7 
153*69* 

X541739 
X550769 

1559780 

»568773 
1577748 
1586706 
X595646 
1604569 

1613473 
J 61136 I 
X631131 
1640085 
1648919 

1657737 
166653^ 

1675311 

1684089 

169.1839 

1701571 

1710189 

173^8989 

X71767» 

1736338 

1744988 

1753611 
1762139 

1770840 

1779415 
1787993 
1796546 
1805081 
1813601 
1811106 
1830595 
1839068 

18475*5 
1855966 
1864391 

1872801 
1881196 

1889575 
1897939 

1906187 

1914611 

19119^9 

193J141 

1939529 
1947801 

1956059 

1964301 

1972530 

1980743 

1988941 

1997115 


81 Degrees 

Secant. . 


108511975 
8511818 

8503679 
8494559 
M5457 

8476373 ' 
8467308 

8458161 

8449*31 

8440110 

8431**7 
8411251 

8413*94 

8404354 

8395431 
8386517 

8377639 
8368769 

8359917 
835 1081 
8341163 
8333461 
8314678 

83159" 
8307161 
8198418 
8189711 
8181011 
8172318 
8163661 
S155011 

8146378 
8137761 
8119160 
8110575 
8111007 
8103454 
8194918 
8186398 
. 8177894 
8169405 
8160931 

8152475 
8144034 
8135608 
8117198 
8118804 
8110415 
8102061 
8093713 
8085579 
8077061 
8068759 
8060471 
8052198 

8043941 
8035698 
8017470 
8019257 
801 1059 
800187 j 



X0.0042471 
0041650 
0041 

0043 

0043185 

0043365 

0043544 
0043714 

0043905 

0044085 

0044166 

0044448 

0044630 

0044811 

0044995 
0045178 
0045361 

0045545 

0045719 

0045913 

0046098 

0046183 

0046469 

0046655 

004684X 

004701B 

0047115 
0O47403 

0047591 

0047779 

0047967 

0048156 

0048346 

0048536 

0048726 

0048916 

0049107 

0049298 

0049490 

0049682 

0049874 

0050067 

0050160 

0050454 
0050648 

0050841 
0051036 
0051231 
0051427 
0051613 

005 18 19 
0051C15 
0051111 
0051409 
0052607 
0051805 
0053003 
0053101 
0053401 
0053601 
0055801 


10.8564447 

8555468 

8546507 

8537565 
8518641 

8519738 
8510851 
8501985 

8493136 
8484306 

8475493 
8466699 

84579*4 

8449i6x^ 
8440416 
8431704 
8423000 

8414314 
8405646 

8396995 
8388361 

8379746 

8371147 
8361566 

8354001 

*345456 
8336916 

83*8414 
8319919 

8311441 

8301979 

8194535 
8186107 _^ 

8177695 1*7 
8169301 j 16 
8160923 15 
2^32561 24 
8144216 1 15 
8135888 

8217575 
8219179 

8110999. 

8101735 

8;i944g8 

8186156 

8178040 

8169840 

8161656 

8153488 

8145335 
8137198 

» 8119077 
81209^1 
8112880 
8104805 
8096746 
8088701 
8080671 4 
8071658 ^ 
8064659 1 ^ 
I 8056^6^0 


6) 
5f 

56 
5S 
54 
53 
5* 
51 

% 

4S 

44 

43 
44 
41 
40 
39 
38 

3* 
35 
3* 

33 

3* 
3? 

30 

1 


I 


tTangems, dnd Secant) « 


s 


o 

I 

A 

3 

4 

5 
6 

8 
9 

10 
XI 
12 

'3 
M 

'5 

l6 

•l8 
ao 

31 

»3 

»4 

45 
36 

a; 

38 

»9 

30 

33 

33 
54 
35 
36 

37 
$B 

39 
40 

41 

43 

43 

44 

AS 

46 

47 
4^ 
4P 
50 

51 
5» 
53 
54 
5S 
56 

57 
58 


Degrees. 

Sine. 


-&■-. 


-( 


Tang. 


i 

80 Dcgreesj 

Secant. 


9.19433*4 
1951393 

iy59»47 
1967186 

19751^0 
1983019 

1990913 

^99^79} 
3006658 
3014509 

3033345 
3030167 

3037974 
3045766 

a05354i 
3961309 

3069059 
3076795 
3084516 
3093334 
3099917 
3107597 
3115363 
3133914 
3130553 
3138176 

"457871 

3153384 

3x60967 

3168536 

3176092 

3191164 
3198680 
3306183 
3313671 

3331 147 
3338609 
3336059 

3343495 
3350918 

3358328 

3365735 

3373 HO 

3380481 
3387839 
3395185 
3302518 
3309838 

^3^7145 
2334440 
3331732 
^338993 
3346249 

3353494 
3360736 

3367946 

3375153 
3382349 
3389533 I 
3396703 I 


9.9946199 

9945999 
9^^5798 
9945597 

994539^ 
9945'94 

994499* 
9944789 

9944587 
9944383 
9944180 

9943975 
994377 i 
9943566 j 

9943361 I 

9943156 

9942950 

9943743 
9942537 
9943330 
9943123 

9941914 
9941706 

9941498 
9941289 
9941079 
9940870 
9940659 

- 9940449 
9940238 
9940037 

9939815 
9939603 

9939.^9^ 
9939178 

9938965 
9938753 
9938538 

9938334 
9938109 

9937894 

9937679 
9937463 

9937347, 

9937030 
9936813 

9936596 
9936378 
9936160 

9935943 

99357*3 
9935504 
9935385 
9935065 
9934844 
9934624 
9934403 
9934181 

9933959 
9933737 
9933515 




91997135 
, 3005394 
i 4013449 
I 3021588 

3039714 
3037825 
3045922 

3054004 
3062072 
3070126 
3078165 
308619 I 
3094203 
3102200 
31Z0184 
3118153 

31 26109 
3134051 
3 14 I 980 
3149894 

4157795 
3165683 

»I73556 
3181417 
3189264 

3197097 
3304917 

3212724 
3220518 
3228298 
3336065 
3243819 
3251561 
3259389 
3267004 
3374706 
3282395 
3290071 
3297735 
3305386 

3313024 
3330650 
2328262 

2335^^3 
3343'45i 
3351026 

3358589 
3366139 
3373678 
3381203 
3388717 
2396218 
3403708 
341 I I 85 
3418650 
3426103 

3433543 

2440972 

3448389, 

4455794 
3463188 


j 10.8003875 
7994706 

79^^55^ 
7978411 
7970286 
^962175 
7954078 

7945996 
J'9J7948 

^929874 
^941835 
>9i38o9 

79^5797 

7897800 

7889816 
7881847 

^873891 

7865949 
7 858020 1 

7850106 f 

7843305 

7834317 
7826444 

7818583 
7810736 
7802903 
7795083 
7787376 
7779483 
.777x703 

7763935 
7756181 

7748439! 
7740711 

7733996 

7725294 
7717605 
7709929 

7702265 

7694614 
7686976 

7679350 

7671738 

7664137 

7656549 
7648974 

7641411 
7633861 
7626322 
7618797 
7611283 
7603782 
7596393 
7588815 
7581350 
7573897 

7566457 
7559038 
755J611 
7544106 
7536813 I 


10.0053801 
0054001 
0054203 
0054403 
0054604 
0054806 
0055008 
00552H 

0055413 
0055617 

0055820 

0056025 

0056229 

0056434 
0056639 

0056844 [ 
0057050 

0057257 
0057463 
0057670 
0057878 
0058086 

0058294 
0058503 
0058711 
0058931 
00/9^30 
0059341 

0059551 
0059762 

0059973 

0060185 

0060397 

0060609 

0060822 

0061035 

0061248 

0061462 

0061676 

0061891 

0062106 

0062321 

0062537 

0062753 
0062970 

0063187 
0063404 
0063622 
0063840 
0064058 
oo64a77 
0064496 
0064715 

0064935 
0065156 

0065376 

0065597 
0065819 

0066041 

0066263 

006648^ 


60 

58 
57 

5« 

ss 

54 
53 


10.8056676 
.8048707 
8040753 
8032814 
8024890 
3016981 ' 
8009087 
8001207 
7993343 J 53 

798549^^ I S^ 

7977655 I 5^ 
7969833 1 49 
7963026 I 48 

7954234 47 

7946455 
7938691 

7930941 
7923305 

7915484 
7907776 
7900083 

7892403 

7884737, 
7877086 I . 

7869448 I 36 

7861834 I 35 

7854213 
7846616 

7839033 
7831464 
782390^ 
7816365 
7808836 
7801320 
7793818 
7786329 
777^^53 

7771391 
>776394l 

7756505 
7749082 
774x672 

7734375 
7726890 

77x95x9 
77x2x61 

7704815 

7697482 

7690162 

7682855 
7675560 

7668378 

766x008 

765375' 
7646506 

7639374 
7633054 

7624847 
76x765 X 

7610468 

7603398 


46 

45 
44 
43 
43 
41 
40 

^2 
38 

37 


34 

3S 

33 

3X 

30 

3 

3 

37 

26 

^5 
34 
43 

33 
3X 

20 

.1 

17 
I« 
15 
14 
13 
13 
XI 

10 

I 

7 
6 

5 

4 
3 

3 

I 
O 


A Tible of Ani&ial Slnei, 


lo 

Dcgwcs 




?e?.T 

Degrees 


M Sine. , Tang. j 

^ 1. 


o 9.1,196701 9.J933SI5 9*46318811 

>.75368ii 

0066485 10-760319B ' 

I 1403861 

<)9i3''')'^ »470569 1 

75*943' 


7596139 

7588993 

' 


9933068 

1*77939 

7511061 

0066931 

S 

3 t4l8l4l 

993»845 

1*85197 

7514703 

0067155 

7581859 J' 

4 141JI64 

993*611 

149*643 

7507357 

0067379 

7574736 J* 

• M31374 

993*396 

1499978 

7500011 

0067604 

7567616 

s 

t 


9931171 

1507301 

7491699 

0067819 

7560518 

4 

7 


99319*6 

1J14611 

7485388 

0068054 

75534*1 

i 

E 


9931710 

1511911 

7478088 

0068180 

7546368 

* 

9 


9931494 

1519100 

7470800 


7539305 

»■ 



9931168 

1536*77 

7*63513 

0068731 

7539154 





9931041 

1543743 

7456157 

0068959 

7515*16 

;i 



9930814 

1550997 

7449003 

0069186 

7518189 



9930587 

1J58140 

7441760 

0069413 

75"»73 


- ij 


9930359 

»5654f* 

74345*8 


75041 70 

46 



993013' 

1571691 

7417308 

^^86^ 

74971 ?8 

45 

16 

1303803 

9919901 

1579901 

7410C99 

0070098 

7490197 

44 

17 

»i 16771 

9919673 

1587099 

7411901 

0070317 

7483118 

43 

IS 

i;i37i9 

9919444 

1594185 

7465715 

0070556 

7476171 41 

19 

1J3067J 

■9l,i9J!4 


7398539 

0070786 

-7469315 

41 

ao 

1537609 

99i»98* 

1608615 

739'37S 

0671016 

746i3!>t 

40 


»54453» 

99*8;J3 

1615 779 

7384111 

0071147 

7455468 

33 


W5'444 

99*8511 

1611911 

7377079 

0071478 

7448556 

38 

83 

1558344 

9918191 

1630053 

7369947 

0071709 

7441656 

3J 

»4 

1565*33 

9918059 

1637173 

7361817 

0071941 

7*34767 

36 

»J 

1571110 

991781^ 

1644183 

7355717 

0071173 

74i7K9o 

35 

^ 

1578977 
IJ85S31 

9917595 

16511^1 

7348618 

0071405 


34 


9917361 

1658470 

7341530 

007163B 

7*14168 

33 

as 

IJ91676. 9917I»9 

1665547 

7334*53 

0071871 

7407314 

3* 

•9 

1599509 

99*6895 

»67i6i3 

731738 

0073105 

7400491 

3* 

30 

1606330 

99,6661 

■ «679659 

731033 

0073339 

7393670 
7386859 

30 

31 

1613141 

9916417 

1686714 

73i3*K 

0073573 

'2 

31 

1619941 

991619I 

1693749 

730615 

0073908 

7380059 

18 

33 

1616719 

9915957 

1700771 

719911 

0074043 

7373171 

*l 

34 

1633507 

9915711 

1707786 

719111 

0074178 

7366493 

16 

35 

1640174 

99*5486 

171478K 

718511 

O074JI4 

7359716 

ij 

3fi 

1647030 

992<i(6 

0711780 

717811 

1 0074750 

735*970 

*4 

37 

l«53775 

99*5013 

1718761 

717113 

CO749B7 

73461IJ 

*3 

38 

1660309 

99*4776 

> '35 733 

716416 

0075114 

7339491 


39 

1667131 

99*4539 

1741694 

J15730' 

S 0075461 

7331768 



16739*1 

99*430' 

1747644 

7*503.' 

6 0075699 

7316055 


4: 

1680647 

991*063 

17^6584 

7*43*1 
71364B 

6 OC17J9JI 

7319353 

•■■ 


138 

99*3814 

17635 14 

6 oo;6i7i 

7311661 

18 

43 

119 

99*3585 

1770454 

711956 

6 0076415 

7305981 

IJ 

44 

189 

99*3346 

1777343 

71116J 

7 0076654 

7199311 

nS 

4. 

\4i 

991310* 

1784143 

7*157, 

8 007689 

7*9*651 

'5 

« 

'9 

991186 

1791131 

710886 

9 007713 

ri860O3 

1 

4 

>35 

99il6i« 

J 798009 

710199 

t 007737 

7*79365 

1 

4 

. , ■■63 

991*38 

1804878 

71951 

1 007761 

717*73 


49 

173388c 

991114 

1B11736 

71K8: 

4 0OJ7B5 

7i66iic 

J 

i 

174048 

9911:90 

I8.8t8j 

7t!ii4 

i 007809 

715951, 


J 

3747*83 

991166c 

1815413 

7'745 

7 007834 

715*91 


J 

17J366S 

991141 

1831151 

71677 

9 007858 

W4633 


5 

1760 45 

991117 

2839070 

71609 

d bC7K8i 

' 713U7J1 


5 

176681 

99«093 

184587B 

71541 

1 007906 

7*33184 


w 

1773361! 

991008 

1851677 

71473 

3 1 007931 

71166? 


J 

»7799» 

991044 

1859*66 

71405 

4 007955 

71100B 


i 

1786445 

99ioi« 

8866145 

71337 

5 007979 

7*1355 


s 

179»97C 

991995 

1873014 

7iirt9 

6 0C8004 

710703 


y 

l& 

991971 

1879773 

71101 

7 1 008018 

710051 


f 

'991946 

1886513 

71134 

7 008053. 

719401 



Tangents, and Secants. 


n Degrees. 

M bine. 


^1 

3 
4 

5 
16 


9 

lo 

II 
11 

13 

14 

15 

z6 

17 
18 

X9 

ab 

fli 

22 

ft3 
^4 
»5 
26 

27 

28 

29 
30 
31 

3» 
33 
34 

35 
36 

37 
38 
'39 
40 
41 
4» 
43 
44 


. 


Tang, 


I 


92805988. 9.9919466 


2812483 
2818967 

2825441 
2831905 

^838359 
2844803 
2851237 
285 766 J 
2864076 
2870480 
2876875 
288326b 
2889636 
2896001 
2902357 
2908704 
2915040 
292^367 
2927685 

2933993 
2940291 

2946580 
2952859 
29591^9 
2965390 
2971641 
2977883 
29841 |6 
2990339 

4996553 
3002758 
3008953 
3t)i5i40 
3021317 

30*7485 
3033644 
3039794 
3045934 
3052066 

3058189 

3064303 
3070407 
3076503 
3082590 
3088668 

3094737 
3100798 
3106849 
31128^2 
3I18926 

3124951 
3J30968 

' 3136976 
3142975 
3^48965 

3154947 
3160921 

3166885 

3 I 72841 

3178789 


29 

78 Degrees. 

Secant. 


9919220 
9918974 
9918727 
9918480 
9918233 
9917986 

9917737 
9917489 

9917240 

99I699I 

991674I 

9916492 

9916241 

9915990 

9915739 
9915488 

99^5236 
9914984 

99^4731 
9914478 
9914225 

9913971 

99^3717 
9913462 
9913207 
9912952 
9912696 
,■9912440 
9912184 
9911927 
9911670 
9911412 
99"^54 
9910896 
,9910637 
9910378 
9910119 
9909850 
9909598 

9909338 
9909077 
9908815 

99^^553 
9908291 

9908029 

9907766 

9907502 

9907239 

9906974 
9906716 

9906445 
9906186 
990^014 
9905648 
9905382 
9905 lit 

9904848 
9904586 
9904312 
9994044 


9:2886523 
2893263 
a89;993 
2906713 

2913424 
^920126 
2926817 
2933500 
29401 72 
2946836 
2953489 
2960J34 
2966769 

2973395 
298001 I 

2986618 

2993216 

2999804 

3006383 

3012954 

30195 14 
3026066 
3032609 

3039143 
3045667 
3052183 
3058689 
3965187 
3071675 
3o|8i55 
3084626 
3091088 

3097541 
3163985 

3110421 
3116848 
3123266 
3129675 
3136076 
3142468 
3 14885 I 
3155226 
3161592 
3167950 
3174299 
3180640 
3186972 

3193295 
3199611 

320^918 

3212216 

3218506 

3224788 

3231061 

3237327 
3243584^ 
3249832 
3256073 
3262305 
3268529 

3274745 


10.7113477 10 
7106737 

7100007 

7093287 

7086576 

7079874 

7073183 

7066500 

7059828 

7053164 
70465 I I 
7039866 
7033231 
7026605 
7019989 
7013382 
» 7006784 
7000196 
^993617 
6987046 
6980486 

6973934 
6967391 

6960857 

6954333 

6947817 

6941311 

6934813 

' 6928325 

6921845 

6915374 
6908912 
6902459 
6896015 
6889579 
6883152 
6876734 
6870325 
6863924 

6857532 
685 I 149 

6844774 
6838408 
6832050 
6825701 
6819360 
6^13028 
6806705 
6800389 
6794082 

6787784 
6781494 

6775212 

6768939 

6762673 

6756416 

6750168 

6743927 
6737695 
6731471 

$725255 


•oo8o534\ 

0080780' 
0081026 

0081273 

0081520 

0081767 
0082014 
0082263 

00825 u 

0082760 

0083009 

0082259 
0083508 
0083759 

00840JO 
0084261 
0084512 
0084764 
0085016 
0085269 
0085522 

0083775 

0086029 
0086283 

0086538 

0086793 
0087048 

0087304 

0087560 
0087816 
0088073 
0088330 
0088588 

003^846 
0089104 

Q089363 

0089622 

0089881 

00^0141 
0090402 
0090662 
0090923 

0091 185 
0091447 

009 I 709 
00919 7 I 
0092234 
0092498 
0092761 
0093026 
0093290 

00^3555 
0093820 

9094086 

0094352 

0094618 

0094885 

0095152 

0095420 

0095688 

00959^6 


10.7194012 
7187517 
7181033 

7174559 

7168095 

7161641 

7155197 
7148763 

7142339 

7135924 
7129520 
7123125 
71 16740 
7 I 10364 

7103999 
7097643 

7091296 

7084960 

7078633 

7072315 

7066007 

7059709 

7053420 

7047141 
7040871 
7034610 
70283^9 
7022117 

7015884 
7009661 

7003447 

6997242 
6991047 
6984860 
6978683 

6972515 
6966356 

6960206 
6954066 

6947934 
6941 8n 

6935697 

6929593 

6923497 

69-17410 
6911332 
6905263 
6899202 
6893151 
6887108 
6881074 
6875049 
6869032 
6863024 
6857025 
6851035 

6845053 
6839079 
6833^15 
6827159 
082121^ 


l6t^ 

S9 

58 

57 
56 
5S 

54 
S3 
5» 
5» 
50 

49 
48 

47 
46 

45 
44 
43 
42 

41 
40 

^i 
38 

37 

36 

3S 

34 

33 

3» 

3i^ 

3<> 
29 
28. 

27 
26 

25 
24 
23 

2% 

21 
20 

9 
8 

7 
6 

C5 

f4 
[3 
[% 
;I 
:Q 

9 

S 

7 

6 

5 
4 
3 
% 


A Tabic of AitificUI Siaes| 


12 DegKca. 

H 


Sine. 

Tang. 1 

'i;a 

99904044 

9 3»7474J 

10 6735155 

990J77J 

318093J 

6719047 

J1906J9 

9903506 

3187153 

6711847 

3196581 

9903337 

3*93345 

6706655 

3*0*4W 

990196T 

3399J»« 

6700471 

3»840O 

9901697 

3305704 

6694396 

31KIJ7 

990141O 

33"87» 

6688118 

3330186 

9901155 

3318031 

6681969 

3136066 

9901883 

3314183 

k;; 

3»3i?j8 

9901611 

3310317 

3137S03 

99°'m 

3336463 

6663537 

3*43*J7 

9901067 

3341591 

6657409 

3»4WOj 

9900794 

33487.1 

6651189 

3«J3« 

9900511 

3354813 

6645177 

3»6ji7* 

mi 

3360917 

6639073 

33665,97 

3367034 

6631976 

33J181J 

(>8 

3373"3 

6616887 

3»7S6r7 

Ms 

3379194 

6630806 

3i8««6 

w 

338J167 

^614733 

3390306 

Wj 

3J9'333 

6608667 

3195988 

)7 

339'39i 

6601609 

3301761 


3403441 

6596559 

3307J*7 

•i 

3409484 

6590516 

331318J 

3415519 

6584481 

33'9°3S 

#9 

3431546 

6578454 

33^4577 

■1 

3437566 

6573434 

33J0511 

~i 

3433578 

656643* 

3336137 

1 !4 

3439583 

6560417 


1 ^* 

3445580 

6554410 

3347665 

1 >5 

34J1570 

6548430 

33J3363 

i 'i 

3457551 

6541448 

33ijw6» 

W !i 

3463517 

6536473 

3364749 

f i4 

3469494 

6530506 

3370418 

r.1 

3475454 

6514546 

3376099 

m^ 

3481407 

6518593 

3381723 

M" 

3487351 

6511648 

3J87418 

m^ 

3493^9° 

6506710 

3393065 

~i 

34991*0 

6500780 

339B706 


3JOJM3 

6494851 

3404338 

k '' 

3J"059 

«48894l 

3409»6J 

1 'J 

3516968 

6483031 

34»JJ«o 

1 

J533g69 

6477131 

34*1190 

' 7 

3518763 

6471137 

3436793 

^' 

3534650 

6465350 

343^3"* 

m^ 

3540530 

6459470 

343;sr73 

■> 

3546401 

6453598 

34435il 

V-! 

355 "6 ■ 

6447733 

3449 1:^ 

^8 

■3558116 

6*41874 

i«i688 

^l 

3563977 

6436013 

34«»4J 

A4 

3569811 

6430179 

3465794 

■7 

3575658 

64I4341 

3471336 

w 

3581487 

6418513 

3476870 

V" 

3587310 

64I1690 

3483397 

Ml 

3593 "6 

64068^4 

3*879'7 

^* 

3598935 

6401065 

3493419 

S3 

3604756 

6395164 

349i*934 

■3 

3610531 

6389469 

3304433 

,^3 

3616319 

6183681 

3J<*9*i 

98S7B13 

3611.CO 

637-soo 

3JIJ405 

9887531 

1617874 

6371116 

' 3510880 

98S7139 

3633641 

636635? 


77Degr««., 

Secant. 


10.0095056 
0096115 
0096494 
0096763 

0097033 
0097303 
0097574 
00S784J 
0098117 
0098388 
0098661 
0098935 

O0J>93O 

■ 0099479 
0099753 
0100301 

0100577 
0100853 

OIOII17 


0101957 

0101 7 89 

. 010J068 

0103346 
0103616 
0103905 
0104 IS5 
0104465 
0104746 
0105017 
0105308 
0105590 
DT05871 
0106155 
0106438 

0106731 

0107005 
01073^ 

0107573 
0107858 
OI08I44 
0108439 
0108715 
0109001 
0109189 
0109576 
0109863 

OIIOIJI 

0110440 
01I0739 
OIIIOI8 

01 1 130 7 
0ZI1597 
0111887 
0.11178 
01 11469 
0111761 


Taogents, and Sscam*. 


13 Degrees. 


Sine. 

Tang. , 

9 35aoSSo 

9.9887139 

9-3633641 

10-6366359 

3J 16349 

9886947 

3639401 

6360599 

353'8" 

9886JJi 

3*45155 

6354845 

3537^64 

9886363 

3650901 

6349099 

iS4t710 

9886070 

3656641 

6343359 

3J48iiO 

9885776 

3**1374 

6337S16 

35J3i8i 

9885*81 

3668.00 

633.900 

3559°°? 

9885188 

3*73819 

63»6l8i 

3369836 

9884894 

3^79531 

63.04*8 

98845149 

3*85138 

6314761 

3J75MO 

9884301 

3*9°937 

6309063 

3J80637 

9884008 

3696619 

(30337 . 

3J860J7 

9883711 

37013.5 

61D76S5 

3591409 

9883415 

3707994 


359*781 

9883 1 18 

3713667 

6186333 

3601154 

9881811 

37'9333 

6180667 

3*07i»5 

988*513 

3714991 

6175008 

3611870 

9881115 

3730645 

6169355 

3618117 

988.917 

373*^9' 

6163709 

itx 

9881618 

3741930 

6158070 

9881319 

3747563 

6151437 

3634119 

98 Si 019 

3753.90 

6146810 

3*19539 

9880719 

37588.0 

614119c 

3644851 

9SS011S 

3764413 

6135577 

3650158 

3770030 

6119970 

3655458 

9879817 

3773*3" 

6114369 

3660750 

-0— jj 

3781115 

6118775 

3666036 

13 

3786813 

6*13187 

3671315 


379*394 

6*07606 

3676587 

18 

37979*9 

610103. 

3681853 

15 

3803537 

619*463 

3687.1. 


3809100 

6190900 

3691363 

j8 

38.4655 

6.8534s 

3697608 


3810105 

6.79795 

3701847 

S9 

3815748 

6174151 

3708079 

i* 

383.185 

.6168715 

37*3304 
3718513 

h 

38368.6 

6163184 

B3 

3841340 

6.57660 

37I3J3J 

. - 76 

3847858 

615*141 

3718940 

98'5J7o 

3853370 

6146630 

3734*30 

9875163 

3858876 

6.4.114 

37393" 

9»?4955 

386437* 

6135614 

3744J17 

9874648 

3S69869 

6 13013 1 

3749696 

9874319 

38753i6 

6114644 

3754868 

987403^ 

388=83; 

L';ia' 

3760034 

9873711 

38863l« 

3765194 

98734.3 

3891781 

6.081.0 : 
6101750 ; 

3770347 

9873.03 

3897144 

377J4P3 

98717B3 

3901700 

6097300 , 

3780633 

987*481 

3908151 


3785767 
3790894 

,987.860 

39^3591 
3919034 

t^%'. 

37,6015 
3Sorl»9 

9871549 

2914466 

6075534 ; 

987 M3S 

3919893 

6070107 i 

3806137 

9870914 

39353.3 

60646S7 , 

381 1339 

9870611 

3940717 

6D59173 t 

3816434 


3946136 

6053864 ; 

3811,! 13 


395.538 

604846* 

3816605 


395*935 

604306J 

3831681 

. 986935* 

39*1316 

6037674 

jSi6?51 

9E6904I 

39*r7.» 

fcawig 


76 Degree*. 

Secant. 





lo' 01. 176 1 

ia64 791*0 

6 

0113053 

6473651 

J 

. OII3345 

6468.90 

J 

0..3637 

6461736 

5 

OII3930 

6457190 

i 

0.14114 

645.850 

3 

01.4518 

644641I 

S 

0.148.1 

6440993 

S 

OI.5I06 

6435574 

s 

0:15401 

6430.64 

i 

0115697 

> 6414760 

i 

0.1599* 

64193*3 

* 

01.6188 

73 

4 

01.6585 

9. 

4 

0116S81 

'5 

V 

01.7.79 

S" 

4. 

0.17477 

is 

+ 

0117775 

30 

4 

o..|o73 

011837* 

83 
4* 

4 

0118671 

3S 

f 

011897. 

Ei 

J 

0119171 

Si 

3 

0119571 

»8 

3 

0119871 

ta 

3 

oiio(73 

41 

i 

oii047i. 

(O 

3 

0110777 

^ 

3 

011.079 

is 

3 


.3 

1 


17 


0111988 

!9 



. . 37 


o"i596 

6301391 



6197153 


wis?^ 

61919*. 

* 

0.13511 

6186696 


0113817 

61B.477 

t 

0.14.14 

.617*165 


011+530 

6131060 


0114737 

6165861 

M 

0115045 

6160669 


0115351 

61554*3 

I 

0115661 

6150304 


0.15969 

614513* 

I 

011S178 

61399*6 
6134806 


0116587 


0T16897 

6119653 


0.17107 

6114507 


0117518 

6119367 

I 

0.17819 

61I4133 

i 

0.18140 

61D9106 


011845. 

6103985 


. 0.18764 

6198S7. 


01)9076 

6.937*3 


01193B9 

6188661 


0119701 

6183566 


0130016 

6.78477 


0130330 

6173395 


0.30644 

61683.8 


613OJ159 

6163*48 



3* 

i^' Degrees. 


A Table of Artificial Sinesv 


38418(5 
384*873 
38j>9i4 
3*5*9*9 
3861008 
3867040 
3B7»o67 
3877087 
3881101 
3887109 
3891111 
389710* 
39*0096 
3907079 
39H0J7 

391I993 

' 3?'*95» 
39IJ90J 
3M*85» 
3941794 
394*7J9 
3951658 
39i*58" 
3961499 
39**4 If 
397 13 'J 
397*"5 
3981 109 
398599* 
3990878 
399J754 
4000615 
4005489 
4010348 
40IJIOI 
401004S 
4014S89 
4019714 
40J4Ji4 
4039378 
404419'' 
4049009 
4053816 
4058617 
406341,' 
4068 loi 
4071987 
40777** 
4081539 
4087300 
40910611 
4096814 

411 WJ9 

4ti579-> 


9868094 
98(17778 
9867461 
9867144 


9861017 
9861993 
9861369 
9861045 


98J380J 
98^3471 
98«138 
9R5»803 
9851468 
98J"33 
9851793 
9851461 
985IH5 
98507*9 
9830451 
9850114 
98497;* 
V849438 


Tang. 


7S Degfe«. 
Secant. 


,.3,-j;7.r 

10,6031189 

10.0130959 

10.6163148 

3973089 

6016911 

0131174 

61J8185 

3978463 

601IJ37 

O131J90 

6153.17 

3983830 

6016170 

0.31906 

6148076 

3989191 

6010809 

Oljllll 

614,3031 

3994 J47 

60054,. 3 

0131539 

6JJ7991 

3999896 


0131856 

, eisis^^o 


5994760 

0133173 

6117933 

4010578 

1989421 

0.33491 

6111913 

4015 H'O 

J9K4090 

0133S09 

6117899 

4011337 

5978763 

0134118 

6ill8y. 

4016558 

J97J441 

0134447 

6.07889 

4031873 

596K137 

0134-67 

6101894 

4037181 

59*18.8 

013J087 

60979C4 

4041486 

. 59J7J14 

0.3540J 

609*911 

40477B4 

5951116 

oi,t57*7 

6087943 

4053076 

594*914 

0136048 

6081971 

40583*3 

J94'*37 

013*370 

6078D07 

4063644 

593*35* 

0136691 

607^048 

406B919 

5931081 

01370.4 

6068095 

4074189 

j#ij8il 

0.37337 

6063 I4E 

4079453 

5910547 

0137660 

6058106 

40847" 

5915188 

0137983 

60J3171 

4089963 

59l"03J 

013B307 

604834* 

4095111 

5904788 

0.38631 

6043419 

4100454 

J 899546 

0138955 

(038501 

4105690 

5894310 


6033590 

41 10911 

5889079 

0139606 

60*8685 

4I16146 

5883854 

C139931 

6013787 

4111366 

5S78634 

0.40,58 

6018891 

4.16581 

587,1419 

0.40584 

60.4004 

4131789 

5868111 

0140911 

6009111 

4136993 

5863007 

0141138 

6004146 

4141=91 

585:809 

C141566 

5999375 

4147383 

5851617 

0141894 

5 994511 

4151570 

5847430 

0141113 

5989*51 

4IJ7751 

584114S 

0.4155. 

5984799 

41619*8 

J837071 

0141881 

5979951 

4168099 

5831901 

01 43 110 

S915"i 

4l73lSi 

5816735 

0143540 

5970176 

4178415 

581.575 

0.4387. 

5965446 

4183580 

5816410 

0144101 

5960611 

418S719 

58..171 

0144533 

5955804 

4193874 

5806J16 

0144865 

595099. 

4199013 

58009X7 

0145197 

5946.84 

4104146 

5795854 

0145519 

594.383 

4109175 

57!»715 

0145861 

593*587 

4114398 

5715601 

0146195 

5931797 

41I9J'.< 

5780485 

0.4*519 

59^7013 

4114*18 

577537* 

0146861 

5911134 

4119735 

5770165 

0.47197 

59i?4*X 

4l3-l8j8 

576; iM 

0147531 

59.1694 

413993J 

576006J 

0147867 

590793; 

4145016 

5754974 

0148:01 

%v> 

4i5°'f3 

5749887 

0148538 

415J'94 

574480* 

0148875 

5893*80 

4160171 

5739719 

0149:1. 

588894. 

4165341 

5734658 

014954S 

58K1407 

4170408 

5719591 

oi49i:£6 

5879478 

4' 754*9 

5 7^4531 

0T50114 

58747,i;5 

4S8051J 

5719475 

0150561 

, 5870038 


. Tangents, and Secants. 
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15 Degrees. 



74 Degrees. 

M 

Si 

Ine. 

Tang. 

•' iSecant. 

/_ 



9,4129962 

9.984943^ 

\ 9.4x80525 

10.5719475 10.015056a 

. , 10.587003^ 

I 60 

I 

4134674 

9849099 

4285575 

57X442J 

] 0150901 

586532(5 

i ^9 

% 

4I3938I 

984876c 

• 4290621 

570937s 

) 0151140 

> 5860619 5» 

3 

4144082 

9848420 

4295661 

570433s 

) 015 15 80 

5^59^^ ^l 

4 

4148778 

9848081 

4300697 

5699303 

0x5x9x9 

jSsi22i 50 

5 

4153468 

9847740 

4305747 

569427J 

0152260 

5846534 1 5S 

6 

4158x52 

9847400 

43x0753 

5689247 

0x52600 

J84X848 

54 

7 

4162832 

9847059 

43x5773 

5-684227 

0152941 

5837x68 

53 

8 

4167506 

9846717 

4320789 

56794x1 

0*53283 

5832424 

54 

9 

4172174 

9846375 

43^5799 

5674201 

0x53625 

5827826 

51 

10 

4176837 

9846033 
9845690 

4330804 

5669196 

01539^7 

5843163 

50 

II 

4I8I495 

4335^5 

5664195 

0x543x0 

5«i8505 

49 

Cl 

4I86I48 

9845347 

434080c 

5659200 

0154653 

58x3852 

4^ 

13 

4190795 

9845004 

4345791 

5^654209 

0x54996 

5809205 

^I 

U 

4195436 

9S44660 

4350776 

5.649224 

0155340 

5804564 

46 

15 

4200073 

9844316 

AIS51S7 

5^44243 

0155684 

57999^7 

45 

16 

• 

4204704 

9843971 

4360733 

5639467 

0156029 

5795496 

44 

«7 

4209330 

9843626 

4365704 

5634296 

0156374 

5790670 

43 

X8 

4213950 

9843481 

4370670 

5629330 

! 0156719 

5786050 

44 

«9 

42i85<66 

9844935 

4375(^3^^ 

5624369 

■' 0157065 

578x434 

41 

«o 

4223176 

' 9844589 

4380587 

5619413 

I 0157411 

5776824 

40 

«i 

4227780 

9842242 

4385538 

5614462 

0x57758 

5774420 

3? 

«* 

4232380 

9841895 

4390485 

5^09515 

015 8 105 

5767620 

3« 

«5 

4236974 

9841548 

439544tf 

5604574 

0158452 

5763026 

37 

^4 

4441563 

9841200 

4400363 

5S99^V 

0158800 

5758437 

3^ 

»5 

4246147 

•840852 

4405495 

5594705 

0159148 

5753^53 

3S 

ft6 

4250726 

9840503 

44I0222 

5589778 

0x59497 

5749474 

34 

»7 

4155499 

9840154 

4415 145 

ssU^ss 

0159846 

574470X 

33 

as 

4259867 

9839805 

4420062 

5579938 

0160195 

5740133 

3* 

«9 

4264430 

9839455 

4424975 
4449883 

5575025- 

0x60545 

5735570 

3* 

30 

4268988 

9839105 

5570117 

0160895 

573XX)X2 

3P 

3i 

4473541 

9838755 

4434786 

5565414 

01 61 245 

5726459 

*2 

32 

4278089 

9838404 

4439685 

55603x5 

0161596 

572 191 I 

28 

33 

4282631 

9838052 

4444579 
444P468 

5555441 

OT61948 

57x7369 

2? 

34 

4287169 

9837701 

5550531 

0162299 

57x2831 

26 

35 

4291 701 

9837348 

4454354 

J545648 

0162652 

5708299 

25 

36 

4296228 

9836996 

4459434 

5540768 

0163004 

5703774 

44 

37 

4300750 

9836643 

4464107 

55ZS^^ 

0x63357 

5699250 

23 

38 

430J267 

9836290 

4468978 

5531022 

0163710 

56i)4733 

24 

39 

4309779 

9835936 

4473843 

5546157 

01 64064 

5690221 

21 

4o 

4314286 

9833582 

4478704 

5521296 

0164418 

56857x4 

20 

4i 

4318788 

9835447 

4483561 

5516439 

0164773 

5681212 

^9 ^ 

4» 

43434^5 

9834874 

44884IJ 

55I1587 

0165 128 

5676715 

18* 

43 

4347777 

98345 J 7 

4493460 

5506740 

0x65483 

5672223 

17 

44 

4334264 

9834161 

4498102 

550x898 

0x65839 

5-667736 

16 

45 

4336746 

9833^05 

4502j>4P 

5497060 

0166195 

5663254 

15 

46 

4341423 

9833449 

4507774 

5492226 

016655 I 

5658777 

14 

47 

4345694 

9833094 

4512602 

5487398 

0166908 

5654306 

x3 

48 

43501 61 

9834735 

4517427 

5482573 

0167265 

5649839 

14 

49 

4354623 

P834377 

4522246 

5477754 

0167423 

5645377 

II 

So 

4359080 

98320J9 

4527061 

5474959 

0167981 

5640920 

10 

5j 

4363534 

9831661 

4531872 

5468128 

0168339 

5636468 

9 

5% 

4367980 

98313C2 

453667.8 

5463322 

0168698 

5632020 

g 

53 

4372422 

9830942 

4541479* 

5458521 

0169058 

56*7578 

7 

sa 

4376859 

9830583 

4546276 

5453744 

0169417 

5623x41 

6 

55 

4381292 

9830223 

4551069 

5448931 

0169777 

5618708 

5 

56 

4385719 

982986a 

4555857 

5444143 

0170138 

5614281 

4 

|7 

4390144 

9829501 

4560641 

5439359 

0170499 

5609858 

3 

5a 

43945^0 

9829140 

4565420 

5434580 

0170860 

5605440 

% • 

1 

4398*^73 

9828778 

4570194 

5429806 

0171222 

5601027 

I 

1 

4403381 

9828416 

4574964 
C 

5445036 

» QI7I584* 

559#'9 




34 


A Tible «f ATtifidtl Siaa, 


vx6 Degree*; 

M Sine. -•>,. 


9-4403381 , y-9( 
4407784 1 v' 
44111S1 J 9; 
4416576! 9: 
441096J 9 
44V349 i 9 

4434103 

4*3847* 
4441837 

4447 '97 
44JIJJ3 
44J5904 
446o»50 

4464591 

447S»5? 
447;SKS 

4481909 
4486117 
4490/40 
4494849 

449S'J.1 

4J034ji 

4J07747 

45i»037 

4Jl63i» 

4JI0603 

4514879 

4Ji9»il 

4533418 

4537681 

4541939 

454619^ 

4550441 

4554''86 

4558916 

4563161 

456739* 

457161^ 

4575K40 

4580058 

458417 1 

45«848o 

4591684 

4596884 \ 

4601079 j 


,J"°f-' 


73 Oegreet. 

Uccaot. I 


45749*4 i»o5' 

4579730 

458449' 

45»9'4S 

459*«» 

4598749 

4603491 1 

460813a 

461*967 

46J7C97 

4611413 

«6»7«45 

463l8«3 

4636176 

4^1185 


46051 JO 


4609456 


^613638 


4617SI6 


4611989 


4616I5B 


4*30313 

^8oB6j» 

-4634483 

9808^73 

463S639 

9807889 

4641790 

9807505 

4646938 

9807110 

465 w8. 

98C6735 

4655119 

bSic6349 

^^8353 

jgojSi^ 


4711407 

4716048 

4710685 

47i!3»8 

4719947 

473457* 

473'>'9i 

4743808 

474 84M 

4753019 

4757633 

4761133 

4766Elt 

4771411 

4776009 

478' 

473' . 

4789748 

479*3 '9 

4798887 

480345" 

481156* 
4S17118 
4X11666 
4816110 
48307 JO 
4835186 
4839818 
4844346 
4848870 


5415036 10.0*71584; 

5410170 

01719*1 

J4I5509 

0171309 

5410751 

M7»67» 

J40JW9 

0173016 

J40I»5l 

0J734O0 

5396508 

OIJ3764 

539' 768 

oj 74119 

J387033 

Of 74494 

J38i)03 

0174860 

5377577 

Pl7j*i6 

537185J 

0175591 

J36S137 

O' 7SM9 

5363414 

0.7631^ 

53)8715 

01766,4 

53J40<o 

0177061 

53493*0 

0177431 

534+614 

0177799 

533W*l 

017B169 

533J135 

0178538 

5330551 

M78908 

5315873 

Ci79»79 

5311.98 

0179649 

53'6517 

□iXOODl 

J3U86, 

0180391 

5307 i9» 

«8o7«4 

S301J4J 

•181137 

5197888 

0181JI0 

5*93138 

<il8i8«3 

5188593 

0*81156 

518395a 

0*61630 

5175315 

018300J 

517468a 

0483380 

517DOJ3 

0183755 

5*<i54i8 

0184130 

5160808 

0184506 

5156191 

0184883 

5*51579 

0.B5160 

514697-t 

0.8j637 

5141367 

0186014 

J13776.7 

OIS631I1 

51331 7J 

OI8677I 

5*18579 

oi8;ijo 

5ii3!»»i 

0187515 

5219408 

0187909 

51148*8 

01B8189 

j.IOlJl 

OIK8669 

510J681 

0^^9050 

510I1I3 

0189431 

5*96549 

0189813 

5I9I989 

0I90IJJ 

5187434 

0190577 

JI81881 

0190960 

5178334 

Oi?i343 

5"7379a 

01917*7 

516SJ50 


5164714 

□192495 

5160181 

0I918K0 

JI556i4 

pi93»*5 

JIJH30 

D193651 

5146619 

?I^;7 


[q.j59«i9 j < 
5S93i«6 . 
55878*8 
55834*4 
5579035 
5574*51 
J570»7* 
5565*97 
556(518 
5557 163 
535»8o3 ' 
5548447 
5544096 
55 39750 
5535409 
5531073 
55**741 ' 
55**414 ' 
5St« - 


Tatigents, and Secants. 


UegrcCs. 


Tahg. 


7i Degrees; 

Secant. 


98oiJ77 
91105190 
9804803 
93044IJ 
St3o40i7 
980363? 
9803130 

9801471 
jSoxoSi 
101690 

,io£»9e 
98oo9oiJ 
9800316 

V79973» 
9?99J3P 
9?9«946 
979SJ51 
9798138 
9797764 
9797369 
9796973 
979''i78 
9796i8» 
97?J785 
9W388 
9794991 
9794593 
9794ISJ 
9793796 
979339* 
979199S 
9791390 
9791198 
9791798 
979'397 
D7909J6 
9790594 
9;9^^9» 
9?897ile 
9789386. 
!.7B8983 
9788379 
9788175 
9787770 
978736J 
97S6960 
9786554 
9^86148 
9785741 
97S53J4 
9784917 
P7fi45ili 
97B41- 


9.4853190 
4857907 
486*4(9 
4866919 
4K71433 
4875933 
48S0430 
48841)14 
4889413 
489389S 
48;S3£o 
4901838 
4907331 


4<l8Bl4i j 
489ii>40 I 
4895934 I 


9783193 
978*883 
9/8147^ 1 
978W63 1 


4913190 
4919046 
4934097 
4938545 
49439S8 
4947419 
4J31863 
4956198 
4960717 
49*51 J» 
4969574 
4973li9> 
4978406 
4981816 
49871^3 
4991616 
4996016 
3000411 
5004814 
5009103 
50E3588 
5017909 
5°2*J47 
3016711 
3031091 
J035459 
5031^831 
50441 Bi 
5048538 
505189.- 
3037,140 
5061386 
506391! 
3070167 
3074603 
5078933 
3083161 
50873 86 
30111907 
3096114 
J i«J539 
5104649 

5113460 
i"776o 


10-5146610 
5141093 
5137581 

51*85'^? 

5i*4<!fi7 

51 195 70 

5115076 

51x0387 

5106101 

5101610 

5097'4» 

5091668 

50S8193 

5083731 

507916^ 

3074S1- 

5070354 

5065903 

J061435 

5057011 

5031571 

5048135 

3043701 

5039173 

5034848 

50304*6 

3O160D9 

J011594 

50171" 

5011777 

5008374 

5003974 

■4999578 

4995186 

4990797 

49S64I: 

4981031 

4977653 

4973179 

496S9OB 

4964341 

4960178 

4955818 

493146! 

4947109 

494176c 

493S41.i 

4934075 

4919733 

49-539!^ 

4911067 

49'6739 

4911414 

4908093 

4903776 

4K99461 

4S95153 

4Ki,cK44- 

48W540 

4(181140 


IQ.OJ94037 
0194413 

0195197 
0193583 
0193973 
0I963S1 
0196750 
0197140 
0197519 
01979I9 

Of 98701 
BI99091 
0199484 
0199876 
0100I6S 
0100661 


0101136 
0101631 
0103017 

OJ034** 

0103818 
0104315 
0104611 
0103009 
0*0340? 
0105 80 J 
0206104 
0106601 

0107401 
0107 Boi 
0108101 
0108603 
0109004 
0109406 


giio6i4 

0111411 
0111813 
0111130 
0111635 
0113040 
0113446 
0113851 
0114159 
0114666 
0115073 
0115481 
01158S9 


o 5340647 

5336317 
533^391 
5318170 
531415= 
5310040 
5315931 

53"8a7 
J307717 
5303631 
5199539 
5»W45i 
5191369 
3tK;i90 
5*83115 
5*79144 
5175078 
5171015 
5166937 
5161003 
5158854 
3*54808 
3150766 
J 146719 
5141696 
5138666 
5334641 
3130610 
3116604 
3111591 
5*18581 
5*I«77 
5*10377 
5106580 
5101588 
5198599 
5194015 
51906J4 
■ 5186638 
5181685 
5178717 
517475* 
51 70791 
5166835 
5161S83 
5158934 ■ 
5154990 
5151049 
5147111 

5143180 ! 
3139*51 ■ 
5135316 
5131405 

, (iir488 


116707 


J« 


A Table of Artificial Sines^ 


i8 

Degrees. 



71 

Degrees^ 

M 

Sine. 

Tang. 

Secant. 


o 

9.4899814 

9 9782063 

9.5117760 

10.488^240 

10.0217937 

10.5100176 

6a 

X 

4903710 

9781653 

5122057 

4877943 

• 0218347 

5096*90 

^2 

4 

49^759* 

.9781241 

5 "635 1 

4873649 

0218759 

5092408 

58 

S 

49"47I 

9780830 

5x3064? 

486^359 

0219170 

5088529 

!I 

4 

49^5345 

9780418 

5134917 

4865073 

0219582 

5084655 

56 

5 

4919216 

978000.6 

5139210 

4S60790 

0119994 

5080784 

55 

6 

49*3083 

9779i93 

5143490 

4856510 

0220407 

5676917 

54 

7 

4926946 

9779180 

5147706 

4852234 

0220820 

5073054 

53 

8 

4930806 

9778766 

5x51039- 

4847961 

0221234 

5069194 

5* 

9 

4934661 

9778353 

5^5630^/ 

4843691 

0221647 

5065339 

51 

lo 

4938JI3 

9777938 

5^60575 

4839415 

0222062 

5061487 

50 

II 

4941361 

9777513 

516483^ 

4835162 

0222477 

5057639 

:i 

%2 

4946205 

9777108 

5169097 

4830903 

0222892 

5053795 

13 

4950046 

9776693 

5^7335y 

4826^647 

0223307 

5049954 

^l 

14 

4953883 

9776277 

5177606- 

4822394 

0223723 

50461 I 7 

46 

15 

4957716 

' 9775860 

.5i'^i855 

4818145 

0224140 

5042184 

4s 

i<S 

4961545 

9775444 

5i86iojE 

4813899 

0224556 

5038455 

44 

17 

4965370 

9775026 

5190344 

4809656 

0224974 

5034630 

43 

l8 

4969^91 

' 9774609 

5194583 

4805417 

0225391 

5030808 

4* 

X9 

4973010 

9774191 

5198819 

4801181 

0225 '<09 

5026990 

4i 

ao 

4976824 

9773771 

5203052 

4796948 

0226226 

5023176 

40 

ai 

4 V ^0635 

9773354 

5207282 

4792718 

0226646 

5019365 

^2 

a^ 

4784442 

97719.14 

5211508 

4788491 

0227066 

501555^ 

38 

ft3 

4988245 

97715J5 

5115730 

4784170 

0227485 

501 1 755 

3J 

a4 

4991045 

' 9771095 

' 5219950 

4780050 

0217905 

5007955 

36 

«5 

4995840 

977itf74 

5224166 

4775834 

0228326 

5004160 

35 

a6 

4999633 

9771153 

5228379 

4771621 

0228747 • 

5000367 

34 

a? 

5003421 

9770832 

5m5^9 

4767411 

0229168 

4996579 

33 

«8 

5007206 

9770410 

5136795 

4763105 

0229590 

4991794 : 3» 

«9 

5010987 

9769958 

5240999 

4759001 

0230012 

4989013 ! 31 

3«> 

5014764 

9769566 

5145199 

4754801 

0fl>30434 

4985236 i y^ 

31 

50185^38 

9769143 

5149395 

4750605 

0230857 

4981462 i 29r 

5* 

5OZ2308 

. 9768720 

5'i535^9 

4746411 

023.1280 

4977692 : 28 

33 

5026075 

9768296 

5157779 

4742221 

0231704 

4973915 . 17 

34 

5929^38 

9767872 

5261966 

4738034 

0232128 

4970162 \ 26 

35 

5^33597 

9767447 

5266150 

4733850 

0131553 

4966403 ; 25 

' 36 

50^7353 

9767022 

5170331 

4719669^ 

0232978 

4962647 ; 24 

37 

5041 105 

9766597 

5174508 

4715491 

0233403 

4958895 i 2J 

38 

5044853 

9766171 

5278682- 

4711318 

0233-829 

4955147 i «• 

39 

5048598 

9765745 

5181855 

4717147 

0234155 

4951402 

21 

4^ 

5^5 "^^39 

9765318 

5287021 

4712979- 

©234682 

4947661 

20 

41 

5056077 

9764891 

5291186 

4708814 

0235109 

4943913 

^i 

4* 

505981 I 

9764464 

5^05347 

4704653- 

0235536 

4940189 

18 

43 

50635-4* 

9764036 

5^99505 

4700495 

0235964 

4936458 

ir 

44 

5067269 

97636C8 

S303661 

4696339 

0236392 

4931731 

16 

45 

5070992 

9763579 

5307813 

4692187 

, ©23682'i 

4929008 

ir 

46 

5074711 

9762750 

5311961 

4688039 

0237250 

4925288 

14 

47 

5078428 

97^^3'i^ 

53 16107 

4683893- 

0237679 

4911571 

13 

4^ 

5082141 

9761891 

5320250 

4679750 

0238109 

49x7859 

12' 

49 

50S5850 

9761461 

5314389 

4675611 

0138539 

4914150 

If 

^0 

5089556 

9761030 

5328526 

4671474 

0238970 

4910444 

10 

5I 

5093158 

9760599 

5331659 

4667341 

0239401 

4906741 

r 

5* 

5096956 

9760167 

5336789 

4663211 

0239^S3 

4903044 

Jl3 

5100651 

9759736 

5340916 

465-9084 

0240264 

4899349 

7 

J4 

5104343 

9759303 

5345040 

4654960 

0240697 

4895657 

6 

J5 

5108031 

9758870 

53'*9i6i 

4650839 

0241130 

4891969 

5 

56 

5111716 

9758437 

5353178 

4646722 

0141563 

4888284 

4 

57 

5115397 1 

9758004 

■' 3357393; 

4642607 

0241996 

4884603 

3 

5» 

5119074 1 

9757570 

536^50S 

4638495 

0242430 

4880926 

% 

S9 

5132749 1 

9757^35 

53^5613 

4634387 

0242865 

4877151 

I 

h 

5126429 

9756701 

53^7^9/ 

4630282 

0^43199 

487358X 




19 Degrees, 

^ Sine. 


Tangents, and Secants, 


Tang, 


37 

79 Degrees. 

Secant. 


o 

I 

3 

A 

5 
6 

7 
Z 

9 

lo 

II 
-iz 

13 
14 

15 

161 

18 

^9 

ao 

21 

aa 

^3 
a4 

«5 
»6 

28 

29 

30 

31 

3* 
33 
34 
35 
36 

37 
38 

39 
40 

41 
42 

43 
44 
45 
46 

47 
48 

49 
50 

51 
52 
53 
54 
55 
56 

57 

s^ 


9*5126419 

5130086 

5133750 
5137410 
5141067 

5I447« 

5 14837 I 

515*017 

5155660 

5159300 

5162936 

5166569 

5 1 70198 

5173824 

5177447 
5 I 81066 

518468Z 
5188395 

5191904 

51955I0 
519911a 
520^71 I 
5206307 
5209899 
5213488 

5217074 
5220656 
5224235 
52278'ii 

5231383 

5^34953 
5238518 
5242081 
5245640 
5249196 

5252749 
5256298 

5259844 
5263387 

5266927 
5270463 

5273997 
5277526 
5281053 

5284577 
5288097 

5291614 

5295128 

5298638 

5302146 

5303630 

5309151 
5312649 

5316143 

53^9^35 
5323123 

5326608 

5330090 

53^3569 
5337044 
5340517 


9.9756701 
9756265 
9755830 
9755394 
S>754957 
9754521 
9754083 
9^53646 
5^753208 

9752769 

9752330 
9751891 

975145^ 
975 ion 

9750570 
9750129 
9749688 
9749246 
9748804 
9748361 
9747918 
9747475 
9747031 
9746587 
9746142 

9745697 
9745252V 
9744806 

9744359 
9743913 
9743466 

9743018 
9742570 
9742122 
9741673 

9741224 
9740774 

9740324 

9739873 
9739422 
9738971 

9738519 
9738067 

9737615 
9737162 
9736709 

9736255 
9735801 

9735346 

9734891 

9734435 
9733980 

9733523 
9733067 
9732610 

973*152 
9731694 
9731236 

9730777 
9730318 

9729858 


9-/3697JC9 
5373821 

53779*0 
5382017 
5386110 
5390200 
5394287 
5398371 

; 5402453 

i 5406531 

) 5410606 

• 541467^ 

i 5418747 
5422813 

5426877 

5430937 
5434994 
5439048 
5443100 
5447148 

5451193 
545S'2>36 

; 5459*76 

5463 JI2 

5467346 

5471377 

5475405 

i 5479430 

.« 5483452 

; 5487471 
. 5491487 

; 5495500 

i 5499511 

55035^9 

5507523 

5511525 

I 5515524 

1 5519521 

} 5523514 

i 5527504 

; 553149* 

I 5535477 

5539459 
' 5543438 

5547415 


10. 


5551388 

5555359 
55593*7 
5563*9* 
5567255 
5571*14 

5575" 

5579 
55^30 


71 
25 
77 


5587025 

3590971 
5594914 
5598854 
5602792 
5606727 
5610659 


4630281 
4626179 
4622080 
4617983 
4613890 
4609800 
4605713 
.4601629 

4597547 
4593469 

4589394 
4585322 
4581253 
4577187 

4573123 
4569063 

4565006 
4560952 
4556900 

455*852 
4548807 

4544764 
4540724 

4536688 

453*654 
4528623 

4524595 
4520570 

4516548 

45125*9 
4508513 
4504500 
4500489 
4496481 

449^477 
4488475 

4484476 
4480479 
4476486 

447*496 
4468508 
44645 2 J 
4460541 
4456562 

44525S5 
4448612 
4444641 
4440673 
4436708 

443*745 
4428786 
4424829 
4420875 
4416923 

441*975 
4409029 

4405086 

4401 146 

4397*08 

4393*73 
4389341 ' 


10.0243299 

-0243735 
0244170 

0244606 
0245043 
0245479 
02459^7 
0246354 
0246792 

0247231 
024767a 

0248109 

0248549 
0248989 

0249430 
0249871 
025 03 I 2 
0250754 
0251196 
0251639 
0252082 
0252525 
0252969 

0253413 
0253858 

0*54303 
0254748 
0255194 
025 5641 
0256087 
0256534 
0256982 
0257430 
0257878 
0258327 
0258776 
0259226 
0259676 
0260127 
0260578 
026x029 
026 I 48 I 
0261933 
0262385 
0262838 
0263291 
0263745 
0264199 
0264654 
0265 109 

0263565 
0266020 
0266477 
0266933 
0267390 
0267848 
0268306 
0268764 
0269223 
0269682 
0270142 


104873581 
4869914 
4866250 
4862590 

4^58933 
4855*79 
4851629 

4847983 
4844340 

4840700 

4837064 

4833431 
4829802 

4826176 
4822553 
4818934 
4815318 
48 I I 705 
4808096 
4804490 
4800888 
479728P 

4793693 
4790101 

4786512 
4782926 

4779344 
4775765 
4772189 
4768617 

4765047 
4761482 

, 47579191*8 
4754360 «7 
4750804 26 

4747251 *5 

4743702 *4 

4740156 2^ 

4736613 2j^ 

4733073 *i 
4729537 *o 
4726003 

4722474 
4718947 
4715423 
4711903 

4708386 
4704872 
470136a 

4697854 
4694350 

4690849 

4687351, 8 

4683857; 7 

4680365' 6 


6cy 

58 

57 

56^ 
5S 
54 
S3 
5» 
51 
5^ 

^9 

4g 

47 
46 

45 

44 

43 
4% 

4i 

4o 

^f 

37 

36 

H 
H 

3% 

3x 
So 

^9 


7 
6 

5 

4 

3 
% 

I 

o 

9 


4676877: 

467339* ; 
4669910 ' 

4666431 
4662956 

4659483 


5 
4 

3 
% 

X 


3« 

30 Degree*. 

Mi Sine 


ATSbleof Artifidal Bines, 


Tang. 


I 


9 

lO 
IX 

la 

13 
14 

15 
x6 

17 
iS 

19 
ao 

»a 
«3 

7,6 

»7 
»S 

*9 
3<5 
3J 
3* 
33 
34 

36 

37 
3S} 

39 

40 

41 

42» 

43 
44 
45 
46 

47 
4S 

49 
50 

51 

54 
53 

54 

56 
57 
58 


9.5340^17 
5343986 

534745* 
5350915 
5354375 
535783a 

5364737 
5368184 
5371619 
5375070 

53;ai5o8 
5381943 

5388804 

539**30 

5S9S^J3 
5399073 
5401489 

5405903 
5409314 

541*7*1 
5416126 

54195*7 
54**9^6 
5416311 

54*9713 
5433103 

5436489 

5439873 

5443*53 
5446630 

5450005 

5ASS376 

5456745 
54601 10 

546347* 
5466831 

5470189 
547354* 
5476893 
5480140 

5483585 
5486917 
5490266 
5493601 

5496935 
5500165 

550359* 
5506916 

5510237 

5513556 
5516871 

5510184 

55*3494 
5516801 

5530105 

5533406 

5536704 

55399 J>9 

5543>9» 




997*9858 
97*9398 
9748938 

97*8477 
9728016 

97*7554 
9727092 
9726629 
9726166 
97*5703 

97*5*39 
97*4775 
. 97*4310 
97*3845 
97*3380 

97**;i4 
9722448 
97*1981 

97*1514 

97*1047 

9720579 
97 201 10 

971964* 
9719172 
9718703 
9718233 
9717762 
9717291 
9716820 
9716348 
9715876 
9715404 
9714931 
9714457 
9713984 
9713509 

9713035 
9712560 

9712084 
9711608 

971113* 
9710655 

9710178 
9709701 

9709**3 
9708744 
9708265 
9707786 
9707306 
9706826 
9706346 
9705865 

9705383 
9704901 

9704419 
9703937 
9703454 
9702970 
9702486 
0702002 

97013X7 


9.5610659 

5614588^ 

5618515 

5622439 

5626360 

5630278 

5634194 

5638107 

5642018 

56459*5 
5649831 
S(>S37S3 

5661530 

56654*4 

5^693^^ 

5673*05 
5677091 

5680975 

5684856 

5688735 
569 261 I 

5696484 

57003SS 

s 704ns 

5708088 

571195I 
57158x1 
5719669 

57*35*4 
57*7377 
5731**7 
5735074 

57389x9 
574*761 
5746601 

5750438 
5754*7* 
5758.104 
5761934 
- 5765761 
5769585 
5773407 
5777**6 

5781043 

•5784858 

5788669 

579*479 
57962S6 

5800090 

5803892 

5807691 

5811488 

5815*8* 

5819074 
5822864 

5826651 

5830435 
5834*17 
5837997 
5841774. 


1OU1389341 
438541*1' 

4377561 1 

4373640 

43697** 

4365806 

4361893 

435798* 
4354075 
4350169 
4346267 

434*367 ; 
4335*470 ; 
4334576 
4330684 

4316795 

43**909 

43190*5 

4315144 

4311*65 

4307389 
4303516 

4299645 

4*95777 
4291912 
4288049 
42841^9 
4*80331 

4*76476 

4*7*623 

4*68773 
4264926 

4261081 

4*57*39 

4*53399 
4249561 

4245728- 

4241896' 

4238066' 

4*34*39 
4*30415 
4**6593 
4***774 
4*18957 
4*1514* 

4*11331 

4207521 
4203714 
4199910 
41 96108 

4197309 
4188512 
4184710 
4180926 
4177136 

4173349 
4169565 

4165783 

4162003 

4158226' 




69 Degrees* 

Secant. 


10.0270141 

10.4659483 
4650014 

6d 

0270601 

^2 

0271062 

4651548 

58 

0271523 

4649080 

57 

0271984 

4645625 

56 

0272446 

4642x68 

J5 

0272908 

4638714 

54 

0*73371 
0*73834 

4635*63 

S3 

4631816 

5* 

0*74297 

4618371 

51 

0274761 

4624930 

50 

0275225 

4621492 

^2 

0275690 

4618057 

48 

0276155 

4614625 

47 

0276620 

4611196 

46 

0277086 

4607770 

45 

0*7755* 

4604347 

44 

o27tioi9 

4600927 

43 

0278486 

4597511 

4» 

0*78953 

4594097 

4X 

0279421 

4590686 

40 

0279890 

4587*79 

3I 

0280358 

4583874 

028082S 

4580473 

^I 

0181297 

4577074 

36 

0281767 

4573679 

35 

0282138 

4570*87 

34 

0182709 

4566897 

33 

0283180 

4563511 

3» 

0283651 

4560117 

3X 

0284124 

4556747 

3<* 

0284596 

4553370 

1I 

02^5069 

4549995 

0285543 

v45 46624 

:j 

0286016 

4543*55 

'02 8649 J 

4539890 

*5 

0286965 

45365*8 

*4 

0287440 

4533168 

*3 

0287916 

4519811 

11 

0288392 

45*6458 

11 

02 88 86b 

45*3107 

10 

0289345 

4519760 

x1 

0289822 

4516415 

0290299 

45^3073 

M 

0290777 

4509734 

16 

0291256 

450639 B 

15 

0*91735 

4503065 

14 

0292214 

4499735 

n 

0292694 

4496408 

i» 

0293174 

4493084 

IX 

0293654 

4489763 

10 

0294135 

4486444 

1 

0294617 

44831*9 

0295098 

4479816 

\ 

0295581 

4476506 
4473T99 

0296063 

S 

0296546 

4469895 

4 

0297030 

4466594 

3 

0197514 

4463296 

% 

0297998 

446000X 

X 

0198483 

4456708. 




Twgcittt, Bsd Seeastt. 


2X Degrees. 

H Sine. 


T.ng. 


^Degrees. 

Secant. 


5546581 

J5t9S68 
5i5Sl5l 

5561)87 

55!»79* 
5576063 
55793^1 
JJ»»i79 
5585835 
55*9088 
559*338 
55W5«S 
S59«''i9 

5«>J3io 
560*546 
5611779 
jSljoio 
j6»l»37 
561146* 
5<«4M5 
56*7904 
563 I III 
56343.15 
5637546 
5640754 
56*3^60 
j647i6j 
5650363 
56J3561 
5656756 
5659^8 
5663137 
5666314 
5669508 
56;»68i 
567586) 
5679044 
s6Swy 
56853^7 
5688555 
5691711 
5694883 
56<t3043 
J7or»oo 

1704355 

5707506 
5710656 
5713801 
5716^6 
57*i»87 
S7»3m6 
J7i636i 
5719495 
J73»6a6 
f7if7S4 


9.97015 17 
9701031 
9700547 

9*99574 
9699087 
9698600 
,698.11 
9697614 
9697(36 
9696647 
96^6158 
969566S 
969J'77 
9694687 
969 4 '96 
96J3704 
9693 Ml 
96917110 
9691117 
9691 '34 
9691141 
9*90746 
9690151 
9689757 
9689161 
968^766 
9688 i;o 
9687773 
96S7176 
9686779 
9686i«i 
9685783 
96851^4 
96(^785 


9683185 
9681784 
96S1183 
9681781 
9681179 
9680777 
96£ot74 
9679771 
9679*67 
9678763 
9678*58 
9677753 
9677147 
9676741 
9676135 
9675718 
9675*»i 
9*74713 
9674*05 
967369? 
9673188 
9671679 
967IT69 


9.5841774 

10 4158126 

10.D19848J 

5845549 

4-15445; 

0198968 

584931' 

4150679 

0199*53 

J85309' 

4.46909 

0199939 

5856X59 

4143141 

0300416 

J860614 

4139376 

03009.3 

5864386 

41356*4 

030.400 

5868147 

4131853 

0301S88 

5871904 

4118096 

03=1376 

58 75660 

4114340 

OJQ1864 

5879413 

4110587 

0303353 

5883 I6j 

4116S37 

0303841 

58869.5 

4113088 

0304331 

5890657 

4J09343 

030481J 

5«9440i 

S?l 

0305313 

5898141 

030JJ04 

5901881 

40981.9 

0306196 

5905617 

40943B3 

03=6788 

5909351 

4090649 

0307380 

59'30*il 

408691S 

0307773 

59168.1 

4083188 

O)o8i66 

59*0539 

4079461 

0308759 

59*4»«3 

4075737 

0309254 

5947985 

40710*5 

0309748 

5931705 

4o68»95 

0310143 

5935413 

4064577 

0310738 

59.f9'38 

4060863 

0311134 

5941851 

4057149 

0311730 

5946561 

40J3439 

0311W7 

J95oMi9 

4049731 

0311714 

5953975 

<o^6oij 

1)313111 

595 76- J 

4041311 

0313719 

5961380 

4038610 

(13»4117 

5965079 

40349" 


19-58776 

4031 1«4 

0315115 

5971470 

40175JO 

0315714 

5976161 

4023838 

03 I 611 4 

5979851 

4010148 

03167 15 

5983540 

4016460 

0317116 

J987115 

4DI1775 

O317717 

5990908 

4009091 

03181J9 

5994588 

4OCU4II 

0318711 

5998167 

4O0J-J3 

0319113 

6001943 

3998057 

0519716 

6«>56l7 

399*383 

C3 10119 

£011958 

39907H 

0310733 

398;P4l 

9311137 

6016615 

3983375 

031.741 

6oio>90 

3979710 

0311147 

6013953 

3976047 

0311753 

6oaj6i3 

J971387 

0313359 

6031171 

39687*9 

0313765 

6034917 

3965073 

0314171 

6oj8j8i 

3961419 

0314778 

6041133 
6041881 

3957767 

0315187 

3954118 

0315795 

6049519 

395047. 

0316303 

.*<y3l74 

S9468.6 

OJ168.1 

6056817 

39*3183 

0317311 
0317831 

6o6<MJ7 

3939543 

t96^i 

»?WW 

<!a*S}4< 


445o>3i 

4446843 : 

44+3567 : 

4440189 : 

4437013 ', 

443 J 741 : 

4430471 " 

4417104 " 

4413940 ■; 

44*0679 ; 

44174" , 

44I4165 , 

441091 » , 

440766a , 

4404415 , 

4401171 , 

4397919 , 

431(4690 _ 

43;7"4J4 , 
4j(i8l4( 

- 90 ; 

63 : 

38 ; 

15 ■ 

96 ; 

Si 

.. .54 -, 

4359146 j 

43J''O40 J 

4iji837 a 

4349637 J 

4346439 J 

4)43144 1 

43 -.^51 1 

4336S63 , 

4333676 J 

4330491- 1 

431 73 II 1 

4314131 I 

4310956 1 

4317783 I 

4314613 I 

43"445 1 

4308179 , 

4305117 I 

4301957 I 

4198800 , 

4195645 I 
4191494 
4189344 
4186198 
4183054 
4S799'3 

4176774 ' 
4173638 
4170505 
4167374 


A Table of J^rtificial Sines, 


22 Degrees. 

]^ Sines. 


Tang. 


67 Degrees. 

Secants. 


- 

9-S73S7St 

9.j67>fij9 

9.6064096 

10.39359O' 
3931168 

10:032834 

10.4264146 



967114S 

6067732 

0318851 

4261120 


574i«3,t 

,9670637 

6071366 

,91863- 

0319363 

42J7997 


J74J'i3 

9670. 2 J 

607499 

3915003 

0319875 

4U~877 


J74?>40 

96696M 

6078627 

3911371 

0330386 

4151/60 


S7Sr3s6 

9669101 

6082254 

39*7746 

0330899 

4148644 

i 

S75A46S 

9668JK8 

6085880 

3914120 

0331411 

4145531 


57J7578 

96tii07j 

6089J03 

3910497 

0331915 

4141422 

I 

J7'«6Sj 

9667561 

6o93ia4 

3906876 

0331438 

4139315 


5763790 

9667048 

609674* 

3903258 

0331951 

4136110 


5766891 

9S6fi.!,i3 

6100359 

3899641 

0333467 

4133108 


57699^1 

9666018 

6103973 

3896027 

0333ySi 

4130009 


577308? 

9**5503 

6107586 

3891414 

033 4^49 7 

4116912 


J776IB3 

966„87 

61.1196 

3888804 

0335013 

4113817 


5779275 

9664471 

6114S04 

3885196 

033JJI9 

4220725 


578J364 

966395* 

611K409 

3881591 

0336046 

4117636 


57854J0 

9663437 

6121013 

387798; 

0336563 

4114550 


5788JJ5 

9662910 

6125615 

3874385 

03370S0 

41 1 1 465 


57P'(>l6 

9661402 

6rJ9ii4 

3870786 

0337598 

4108384 


57^695 

966188^ 

6131811 

3867188 

0338116 

410J30J 


5797771 

966rirt5 

613640; 

3863593 

0338635 

4102228 


5S0084J 

9660K46 


3860000 

0339154 

4199155 


5803917 

9660326 

6143591 

3«56409 

0339674 

41960S3 


5806586 

9659806 

6147180 

3852810 

0340194 

4193014 

4'89g48 


jKiooji 

9659185 

6150766 

3849134 

0340715 


58i3ii6 

961S764 

6154351 

3845649 

0341236 

4186884 


58i6t77 

96JS14J 

6157934 

3841066 

■0341757 

4183813 


3S19136 

9rt5772i 

6161514 

3838486 

0341179 

4180764 


jgjllijl 

96J7199 

6165093 

3834907 

0341801 

4177708 


^8;(J45 

9656677 

6168669 

383133' 

0343313 

4174655 


581*397 

9616153 

6173243 

3817757 

, 0343847 

41 71603 


583 1445 

9655630 

6175815 

3814185 

0344370 

4168555 


5834491 

9655106 

6179385 

3820615 

0344894 

4165509 


583-15 

J»6;45»> 

6i8»953 

3817047 

0345418 

4162465 


584 >6 

9654057 

6.86519 

3813481 

0345943 

4159414 


584 f5 

9653532 

6190083 

3809917 

0346468 

4156385 


5>.; n 

96.0006 

6(93645 

3806355 

0346994 

4153349 


58^ !.I 

9652480 

6197105 

3802795 

0347510 

4150315 


j8j [S 

9*."9JJ 

62<«762 

3799138 

0348047 

4147184 


585 15 

9651426 

6104318 

3795681 

034B574 

4'44155 


585 T 

96508P9 

6i07«;i 

3751128 

0349101 



586 .i 

9650371 

62114*3 

3788577 

03496:9 

4138105 


j86,„-6 

9649843 

6214973 

3785017 

0350157 

4135 '84 


586;S.,j 

96493U 

62J%10 

3781480 

0350686 

4'31l6j 


587°8ji 

96487B5 

6211066 

3777934 

0351215 

4119'49 


-'-"l^ 

9648256 

6113609 

377439' 

0351744 

411613,! 


?6 

96477=6 

6119 150 

3770850 

03512-4 

4113 114 


is 

9647155 

6332690 

3767310 

035:805 

4120115 t 



9S4666J 

6236117 

3763773 

0353335 

4U7108 


.& 

9646133 

6239763 

3760137 

0353867 

4114104 I 


)1 

9645601 

6143196 

3756704 

0354398 

4IIII03 , 


5851897 

9645069 

614681J 

3753173 

0354931 

4108103 

J89435.1 1 

9644537 

6150356 

3749644 

0355463 

4105107 

j i8y7M:r8 1 

96.14C«4 

6253884 

37461 16 

0355996 

4101111 


3300880 

9"4,'470 

6257409 

374159' 

0356530 

4099110 


5903869 

9642937 

6160931 

3739068 

0357063 

409613J 


5906856 

964S4CS 

6164454 

3735546 

0357598 

40«144 


J909841 

9641868 

6167973 

373101; 

0358131 

4090159 


jpilRiS 1 

964'3;* 

627149' 

3728509 

0358668 

4087177 


5915803 ■■ 

9640797 

6^75006 

3714994 

0359203 

40X4.97 


59'S7»o 

964os6i 

63785 J9 

3jai4ili 

0359739 

4081 J.IO 


mim 


t^m 


Tangents^ and Secants. 


£^ Degrees* 


' Sine. 


Ta-n^* 


4« 
66 Degrees. 

Secant. 


59^1755 

59i472ii 

' 59^7698 

59J0666 

J933631 
59:^^594 
59i95S5 

59425^3 
5945469 
5948422 

595^3-^3 

59543^^ 
5957^68 

5960x12 

59^3154 
5966093 

5969030 

S9^^9^5 

5974897 

597*^^27 

59^0754 

59^3679 
5986602 

59^95^3 

5992441 

S9953S7 
5998270 

6001181 i 

6004090 i 

6006997 ; 

6609901 ; 

60x2863 I 

6015703 i 

6018600 ■ 

6ozi4iJ5 
6024:56]:^ 

602-278 

6050106 

6033052 ' 
6035936 . 

6o3?5>$i7 ; 

6041696 

6044573 
6047448 

6050320 

6053190 

6056057 

605 8923 

6001786 

6064647 

6067506 

6070362 

6073216 

6076068 

6078918 

6081765 i 

608461 I 

6087454 
6690294 

6093133 


.9640261 

9639724 
96^9167 
9638650 
9638112 

9<^37 5 74 
9637036 
9636496 

9635957 
9635417 
9634877 
9634336 
9633795 
9^33'^53 
9632711 
96321:68 
9631625 
9631082 
9<^30538 

9629994 
9629449 
9628904 

9628358 

9627812 

9627266 

9626719 

96 6172 

9625624 

9625076 

9624527 

9623978 

96234^8 

9622878 

9622328 

9621777 

9621226 

9620674! 

9620122 1 

Q6iQ<:6g ! 

9619016 

96i5-'i63 

9617909 

9617355 
96i6boo 

9616245 

9615689 

9615133, 
9614576 J 

9614020; 
9613462 1 
9612904 1 
9612346 1 

96ii7«7i 

9611228; 

9610668 

9610108! 

9609548 

960H987 , 

9608426 ; 
9607864 1 
960730a 


/ 


9.6278519 
6282031 
6285540 
62S9048 

6292553 
6296057 

6299558 
6303058 
6306556 
6310052 

6313545 
6317037 

6320527 
6324015 
6327501 1 
6330985 j 
6334468 1 
6337948 ! 
6341426 

6344903 
6348378 

6355321 
6358790 
6362257 
6365722 
6369185 
6372646 
6376106 

6379563 
6383019 
6386473 

6389925 

^393375 
6396823 

64C0269 
6403714 
6407156 
6.510597 
6414036 

6417473 
6420908 

6424342 

64.27773 
6431203 

6434631 
6438057 

644 I 48 I 

64449^3 

6448324 

6451743 
6455160 

645^^575 
6461988 

64O5400 

6468810 

6472217 

6475624 
6479028 

6482431 
64858-31 


10.3721481 

3717969 

3714460 

3710952 

3707447 

3703943 
3700442 

3696942 
36^3444 
3689948 
3686455 
3682963 

3f>79473 

3^759^5 
3672499 

3669015 

3665^32 
3662052 

3658574. 

3655097 

36516^2 

3648150 

3644679 

3641210 

3637743 
3634278 

3630815 

3627354 
3623894 

3620437 

361690I 

3613527 

3610075 

3606625 

3603177 

35^9731 
3590286 

3592844 

-35^*9403 

3S^S9^4 
■3582527 

3579^^9^ 
3575658 

3572227 

3568797 
3565369 
3561943 
3558519 
3555097 
. 3551676 
3548257 
3544840 
3541425 
3538012 
3534600 

3531190 
3527783 
3524376 

3520972 

3517569 
3iX4i6> 


10 o3S'J739 
03 02 76 
6360813 I 
0361350 ; 
03618S8 j 
0^624^6 1 
0362964 j 


0363504 


0304043 
0364583 ; 
0365123 j 
0365664 
0366205 I 
0366747 I 
0367289 
0367832 
0368375 
0368918 
0369462 
0370006 

0370551 
03 7 1096 

0371642 

0372188 

0372734 
0373281 
0373828 
0374376 

0374924 

037/473 
0376022 
037^^72 
0377122 
0377672 
0370223 

0370774 
0379326 

0379878 

0380431 
0380984 

03^1/37 
038^091 

0382645 

0383200 

03^^3755 
03 843 I I 
0384067 

0385424 
0385980 

0386538 
0387096 
0387654 
0388213 
0388772 
0389332 

0389892 
0390452 
0391013 

0391574 
0392136 

039*693 


10.408122c 
40 7b 245 
4075272 
4072302 
40693J4 
4066309 
4063406 
4060445 
4057487' 

4054531 
4051578 

4048627 

4045678 

4042732 
4039788 
4036846 

4033907 
4030970 

4028035 

.4025103 

4022173 

4019246 

4016321 

4013395^ 
4010477 

4007559 
4004643 

4001 "30 

3998819 

3995910 
3993003 

3990099 

3987197 
39^4297 
3981400 

397850.'^ 
397561.2 

3972722 

39^9834 
3966948 

3964064 
3961163 

3958304 
3955427 
3952552 
3949680 
3946810 

3943943 
3941077 

39.1821^ 

3935353 
3932494 
3929638 

3926784 
3923932 
3921082 

3918235 
3915389 
3912546 
3909706 

3906867 


59 
58 

57 
56 

5S 
54 
53 
5* 
51 
50 

49 
48 

47 
46 

45 
44 

43 
42- 
4i 

40 
39 
38 

37 
36 

35 

34 

33 

3a 

31 

30 

29 
28 

27 
26 

25 
24 
23 

2a 
21 
20 

19 

18 

17 
16 

15 
14 

13 

la 

IZ 
10 


9 
8 

7 
6 

5 

4 
3 

I 


A TaUe of Aitifidal Sinei, 


24 Degrees, 


Sine. 

T.ng 

9.1S0931.1.1 

9 M 

P648jg3« 

6^39^ 


6489130 

6oUi^3 

?6 

64926111 

6I0163J 


6496013 

610446J 

,--.-48 

6499417 

610; 19.1 


6^0,809 

611011K 

9603 J19 

6506199 

eiii94f 

96033J4 

6509587 

eU!?*: 

96017*8 

6511974 

6i)SjSo 

96011** 

6516359 

l)l»l.l»7 

9601 6j J 

6519741 

61I4II1 

9601088 

651311J 

6l»70»3 

9600JIO 

6316J03 

fiMSl833 

9595951 

65198x1 

6131641 

9.199384 

653 JlJ? 

4I3J446 

Wi)8S[5 

6536631 

6ij8vo 

93981*6 

6540004 

61410J1 

9597<'7^ 

6543375 

6143850 

9597106 

6546744 

6146647 

9J9*5.W 

65JOUI 

6 14944 ( 

939^964 

6553477 

6ii"34 

95W393 

6551841 

6iJJ0»4 

9594811 

6560104 

<i578ii 

9594148 

6563564 

6i6ojy9 

9^93675 

6566913 

6163381 

959J101 

6570180 

6166164 

9591518 

6573636 

6i68?44 

9J919J4 

6576989 

6171711 

9591380 

6580341 

6174496 

9JD0805 

6583691 

6177*70 

9590119 

6J8704I 

618004J 

9589653 

6590387 

6181809 

9585107; 

6593733 

6i8jj;6 

wSKjoo 

6597076 

618B341 

9^87913 

6600418 

6191103 

9587345 

6603758 

6i9jS64 

95*6767 

660,097 

61966" 

9586188 

6610434 

6iJ>93?a 

9585609 

6613769 

6101132 

9585030 


61O4ISH4 

9J8445C 

6610434 

6iO?6j4 

oj83K6g 

6613765 

611038J 

9383188 

6617093 

611 UJ7 

9JBI707 

6630410 

611^871 

9i 81115 

6633745 

6118611 

9i8'543 

6637069 

6ilt3Ji 

9580961 

6640391 

62H0BS 

9580378 

66437" 

6216614 

9i 79794 

*647''30 

6tms7 

9579110 

6650346 

61311S7 

957861'i 

6653661 

6a3J016 

95780,11 

6656975 

6137743 

9J 77456 

6660188 

611046a 

9576870 

6663598 

6243190 

9576184 

6666907 

614J9H 

9S7S697 

6670114 

6i4B6iy 

95 75 1 10 

667J519 

6 w 1346 

9J74JH 

66768:3 

61 J 4060 

9J 73934 

6680116 

6W6771 

9J 73346 

6683416 

6«M83 

fS7mT 

66667ts 


65 

Sec. 


Degrees. 


lasj 14169 
3510770 
3507371 
3503977 
3500583 
3497191 
3493801 
3490413 
3487016 
3483641 
34110158 
3476877 
3473497 
3470119 
3466743 
3463369 
3459996 
3456615 
3453156 
3449888 
3446513 
3443159 
3439796 
3436436 
3433077 
34197*0 
3416364 
34*3011 
3419659 
3416308 
3411959 
3409613 
3406167 
3401914 
3399581 
3396141 
33*1903 
3389566 
3386131 
338*897 
3379566 
3376135 
3371907 
3369580 
3366155 
3361931 
3359609 
3356189 
3351970 
3349654 
3346338 
3343015 
3339711 
3336401 
3J33093 
3319786 
3316481 
3313177 
3319874 
3316574 
331317; 


10.039x698 1 
039J161 
03^3814 
0394388 

o3;J49Ii 
0395516 

0396081 
0396646 
03^7*11 
0397778 
0398345 
0398911 
039948c 
0400048 
0400616 
0401185 
0401754 
0401314 
04011194 
0403465 
0404036 
0404607 
0405179 
C405 751 
0406315 
0406898 
0407471 
0408046 
0408610 
0409195 
0409771 
0410347 
0410913 

041*077 
0411655 
0413133 
0413S11 
0414391 

04I4U70 
0415550 
0416131 
0416711 
0417193 
0417875 
0418457 
0419039 

0410106 
0410790 
0411374 
041195? 
0411544 
0413130 
0413716 
0414303 
0414890 
0415478 
0416066 
04*6654 
04*7*45 


Tangents, and Secanti. 


25 Degrees. 


Sine. 

Ta«g. 

9, 6159483 

9-9J71757 

9.668671J 

10 3313271 

6)6119 I 

957*168 

6690013 

3309977 

6164897 

9571578 

6693319 

33o6i8. 

6467601 

9570988 

66966.3 

3303387 

617030J 

9J70397 

6699906 

3300094 

6173003 

9569806 

6)03197 

32^6803 

6175701 

9^69*15 

6706486 

3293514 

6178397 

9568613 

6709774 

3190x16 

6181090 

9568030 

6713060 

3186940 

6183781 

9567437 

6716345 

3383655 

6186471 

9566844 

6719618 

3180371 

6i89>6o 

9566IJ0 

6711910 

3177090 

6i9'8m 

9565656 

6716190 

3173810 

6*94529 


6719468 

317053* 

6197111 

9564466 

6731745 

3167155 

6199890 

9563870 

6736010 

3163980 

6301568 

95^3V* 

6?39»94 

3160706 

6305143 

9561678 

6742566 

3157+34 

6307917 

9561081 

6745B36 

3254164 

6310589 

9561483 

6749105 

3250895 

63131JS 

9560886 

6751371 

31476^8 

63IJ916 

9560187 

6755638 

3244361 

63(a5?i 

39 

6758903 

3141097 

6311155 

89 

6761165 

3137835 

6ji39'fi 

90 

6765416 

3234574 

63>6i76 


6768686 

3131314 

63*9*33 


6771944 

3118056 

633i8il9 


6775«.t 

3114799 

6334541 

37 

6778456 

3**1544 

6337'94 

9555485 

6781709 

311S191 

6339844 

9554881 

6784961 

3115039 

634*49' 

9554*80 

67881U 

3111789 

6345137 

955,1676 

6791460 

3108^40 

6347780 

9553073 

6794708 

3105191 

635041* 

9552469 

6797953 

■ 3101047 

635306. 

9551864 

6801.98 

3198802 

6355659 

955^*59 

6804440 

3195560 

6358335 

955*1653 

6807681 

3i;*3l8 

6360969 

9JJO047 

6810911 

3189079 

6363601 

9549441 

6814160 

3185840 

636O131 

9548814 

681 7396 

3162604 

6368859 

?548il7 

6820631 

3179368 

6371484 

9547619 

6813865 

3176135 

6374308 

■ 954701 ' 

6827098' 

3175902 

■ 6376731 

9(46402 

68303*8: 

31S9672 

637!) 3JI 

9J4J79J 

' 6833557' 

3166443 

6381969 

9545184 

6B36785 

3163115 

6384585 

9J44574 

6840011 

3159989 

6387199 

9543963 

6843236 

3156764 

63898.1 

95*3351 

68-16459 

3153541 

6391411 

9541741 

68496K1 

3150319 

639J030 

9541119 

685190. 


6397637 

9541517 

685 6uo 

3143880 

6400*41 

9540904 

6859338 

3140661 

6401E44 

9540291 

6862553 

3137447 

6405445 

9539677 

6865768 

3134131 

6408044 

9539063 

6868981 

3131019 

64.0640 

9538448 

6871192 

3117808 

64I3''35 

9537833 

6875402 

3114598 

64ljiti!i 

9537118 

687861 1 

3121389 

m^3o 

JJ36601 

6mivt 

iiiiiii 


64 Degrees. 

Secant. 


0430194 
04307*5 
043137; 
04,11970 
0431563 
0433156 
0433750 
0434344 
0434939 
0435534 
0436130 
0436726 
0437322 
0437919 
0438517 
0439"4 
0439? '3 
0440311 
044091 I 
0441510 

044*711 

044331* 
044J1"3 
0444515 


0446314 
0446917 
0447531 
0448136 
0448741 

0449953 
0450559 

0451773 

0411381 

0451989 

0453598 

0454107 

D454816 

0455416 

045603' 

0456648 

0457l5f 

04578. 

0458483 

13459096 

0459709 

0460313 

0460937 

0461781 
0463398 


10.3740517 

to 

3737809 

;s 

3735103 

3731399 

;i 

3719697 

3716997 

fS 

37141119 

f* 

37*1603 

Si 

3718910 

?» 

.3716118 

f^ 

3713528 

50 

3710840 
3708155 

« 

3705471 

47 

370»7Si* 

46 

3700110 

45 

369743* 

44 

J6s4757 

43 

3691083 

4» 

3689411 


368674* 

4» 

3684074 

% 

3681409 

367*745 

37 

3676084 

36 

36734*4 

35 

3670767! 

34 

366811. 

33 

3665458 

3> 

■ 3662806 

W 

3660156 

30 

3657509 

*2 

3654863 

at! 

36JI210 

47 

3649578 

?6 

3646938 

2J 

3644301 « 

3641665 « 

3639031 a» 

3636399 " 

3633769 '° 

tA"sii S 

3615^9* 'I 

3613169 ' 16 

J610649 iS 

36P8031 

14 

3615415 

13 . 

36121.01 
3610188 
3607578 

ja 

JO 

360197P 

1 

3601363 

3J997JP 


3597'5P 

359455J 


3;9'y5" 


35^9360 


3586765 


35^41 71 


3581580 



44' 

M 

I 

3 
4 

5 

t 

7 
£ 

9 

lo 

ti 

12 

^3 

?i 

16 

?7 
?8 

59 
?tc 

fli 

»a 
»3 

a4l 

46 

^7 
a8 
fl9 
30 
31 
3a 
33 
34 
35 
36 
37 
38 
39 
.40 
41 
42 
43 
44 

45 
46 

$ 

49 
50 
5^ 

5^ 
53 
54 
55 
5^ 
57 
58 


A Tabic of Artificial Slnci, 


De.q^rees 


SI; 


1C« 


Tang. 


^3 Degrees, 


Secant. 


'641 V^20 
642lOC/y 

6410182 

642S:6j 
'64M347 
6433^26 
6436564 ^ 

64390^0 j 

6441654 i 
6444226 ; 
6446796 

64493^^5 ; 
6451931' 

6454496 : 

6457058 

6459619 1 
646217^^1 
6464735 ^ 

6467290 
6469844 

6472395 

6474945 

6477492 
6480038 

6482582 

6485124 

6487665 

6490203 

6492740 

6495274 
6497807 

6500338 

6502868 

6505395 

6507920 

6510444 

6512966 
6515486 
65 18004 
6520521 

.652554B 
6528059 
6530568 
6533075 

6538084 
6540586 
6543086 

6545584 
6548081 

^550575 

655555911 
6558048 j J 

6560536 l.j 

6563011 ' 

6570468. 


9.953660a 
9335^^5 
95353''>9 j 
9534751 
9.^34i34 

9532^97 

953227^ 
9,>3i658 I 

9531038 

95 3041 <i 
9529797 
9529175 
9528553 

9527931 
9327308 
9526685 
9526061 

9525437 
9524815 
9524x88 

9523562 
9522936 
9522310 
9521683 
9521055 
9520428 

9519799 
95I9I7JC 

951^541 
9517912 
9517282 
951 65T 
95160*0 

95iS3^ 
9514757 
93^^4124 

9513492 i 

95128.^8 j 
9512224 ; 

951I590 • 
•9510956 . 
9510320 
9509685 
9509049 
9508412 , 

9507775 
9507138 ' 
9506500 j 

9505861 i 
9505223 

95045 S3 
9503944 

9503303 
9502663 
9502022 
9501380 
9500738 
9500095 

P499452 
^490809 


.6881818 
6- 85023 
0^88227 

61591430 

6uy463i 

6897631 

69CIO30 

6904226 

6907422 

6yio6i6 

6913809 

6917000 

6920189 

6923378 

6926565 

6929750 

6932934 
6936117 
6539298 
6942478 
6945656 
694^0833 
6952009 

6955183 

(^95^55 
6961527 

6964697 

6967865 
6971032 
6974198 

6977363 
^980^26 
6983^87 
6986847 
699C006 
6993164 
699632c 
6999474 
7002628 

70C5 : 80 
70009.10 
7012080 
•7015227 
7018374 
7021519 
7024663 
7027805 
7030946 

7P34C86 
7037225 
7040362 

7043497 
7046632 

7049765 
705S1897 
7056027 

7059156 
7002284 
7065410 

7oOS-s3s 
7071659 


io.3ii»i»a 

3114977 

31H773 
• 3108570 

3105369 

3x02169 

309JJ970 

30'>5 7 74 
309^578 
3089384 
3Q3C191 
3083000 
307981 I 
3070622 

3073435 
3070250 

3c67nt66 

3063883 

306070^ 
3057522 

' 3054344 
3051107 

30479911 

3044817 

3041645 

303^473 

3035305 
3^32135 

3028968 

3025802 

3022637. 

• 3019474 
3016313 

3013155 
3009.994 

. 50CO836 
3003 6 80 
30C05 26 

2997372 
2^94220 
2991070 
^987920 

29^4773 
2981626 

2978481 

^975337 
^972x95 
2909054 
2965914 
£962775 
2959638 
2956503 

29553<''^> 
■ i9.';o23| 

2947103 

2943973 
2940844 

293771^ 
2934590 

i 2931^6^ 
2928341 


10.046339a; IQ. 

0464015 
0464631 
0465249 
0465866 
04664B5 
0467103 
0467722 
C468342 
046^^962 
0469582 
0470203 
04 70S 25 
0471447 
0472069 
0472092 

0473315 ! 

C473939 
047456} 
0475187 
0475812 

0476438 
C477064 
0477690 
0478317 
0478945 

0479572 
0480201 
0480829 

0481459 
0482088 

0482718 

0483349 
0483980 

0484611 
0485243 
0485876 
0486508 
04871^5.2 
0487776 
0480410 
CJH9044 
0489680 
0490315 
049095 1 
0491588 

0492225 i 
04928621 
0493500 ■ 

0494139 

•0494777' 

0495417 
049605 6 

0496697 

04V7337 
0497978 
049867.0 
C499263 

04999«>5 
050054^ 

0X^0119 


5« 
S3 
56 


51 

50 

49 
4$ 
47 
46 
45 
44 
43 
4* 
41 
40 

3' 

3 

37 

3? 

35 

34 

33 

3* 
31 


3581580 60 
35 7 8;;9I 59 

3576404 
3573^18 

3571235 

3568653 ^,_ 

3566074 { 54 

3563496 53 
3560920 1 52 

3558 U6 

3555774 
3553204 
3550635 
3548069 
3545504 

3542942 
3540381 
3537822 

2335^^5 
3532710 

3530156 
3527005 

35225:08 

3519963 

3517418 

3514876 

35^^335' 

3509797 
3507260 

3504726 j. 

3502193 29 

3499662 2^ 

3497132 »7 
3494605 ^6 
3492080 25 

34^55^ M 
3487034 23 

3484514 22 
3481996 21 

3479479 • 28 
3476965 19 

3474452 18 

347194I . \7 
3469432 } 16 
3466925 • 15 
3464419 14 
3461916 '13 
3459414 n 
3456914 n 
3454416 _ io 
3451919. 9 
3449425 I B 
3446932^ 7 
3444441 ' 6 

3441952 s 

3439464 4 

3436979 3 
3434495 5 

3432013 I 
3429532 • 


^7 Degrees. 

M Sine. 


Tangents, and Secants. 


Tangr. 


45 
62 Degrees. 

iSecant. 


o 

■ I 

3 
A 

5 
6 

7 
8 

9 

JO 

ir 

12 

13 
14 

15 
16 

x8 

ao 
21 

22 

»3 
24 

*5 
26 

27 
a8 
29 
30 

31 
3a 
33 
34 
35 
36 
37 
3^ 

39 
40 

41 

42 
43 
44 

45 
46 

47 
48 

49 

50 

51 

52 
53 
54 
55 
56 
57 
58 




. 65 70468 

6572946 
6575423 

6577898 

6^80371 
6582842 
658531a 

65^7780 

6590246 
65^2710 

6595173 
6597633 

6600093 

6602550 
6605005 

660/459 

660991 I 
66r236i 
6614810 
6617257 
6619702 
6622145 
66a4586 
6627026 
6629464 
6631900 

6634335 
6636768 

6639199 

6641628 

6644056 

6646482 

^648906 

6651329 

6653749 
6656168 

6658586 

6661D01 

6663415 

6665/128 

6668238 

6670647 

667^034 

6675459 
6677863 
6680265 
• 6682665 
6685064 
6687461 
6689856 
6692250 
6694642 
6697032 
66994.20 
6701807 
6704192 
6706^76 
670895a 

67I1338 
6713716 
6716093 


9.9498809 
9498165 
9497521 
9496876 
9496230 

9495585 
9494938 
9494292 

9493645 

9492997 

9492349 
9491700 

9491051 

9490402 
9489752 
9489101 
9488450 
9487799 
948^147 

9486495 
9485842 
9485189 

9484535 
9483881 

9483227 
9482572 
948x916 
9481260 
9480604 

94799-7 
9479289 
9478631 

9477973 
9477314 
9476655 
9475995 
9A7S335 
9474674 
9474013 
9473352 
9472689 
9472027 

9471364 
9470700 
9470036 

9469372 

9468707 

9468042 
9467376 
9466710 
9466043 

9465376 
9464708 
9464040 

9463371 
9462702 
.9462032 
9461362 
9460692 
9460021 

9459349 


071659 
074781 
077902 
081C22 
084141 
087258 
090374 
093488 
096601 
099713 
102824 

105933 
10904X 

112148 
115254 

121461 
124562 
127662 
130761 

133859 
136956 
140051 

143145 

146237 

149329 
152419 
155508 

158595 
161682 

164767 

167851 

170933 
1740I4 

177094 i 

I 801 73 

183251 

186327 

189402 

192476 

195549 
198620 

201690 

204759 

207827 

210892 

213958 

217022 

220085 

223147 
226207 

229266 

232324 
235381 
238436 
24x490 

244543 

247595 
250646 

253695 
25<i744 


10.2928341 
29252x9 
2922098 
2918978 

^9x585^9 
2912742 
2909625 
2906512 
2903399 
2900287 
289717J5 
2894067 
2890959 
2887852 
2884746 
2881642 
2878539 

2875438 
2872338 
2869239 
2866141 
2863044 
2859949 
1856855 

1853763 
2850671 

2847581 
2844492 

2841405 
2838318 

2835233 
2832149 

2829067 

2825986 

2822906 

2819827 

28x6749 

2813673 

2810598 

2807524 

2804451 

280x380 

2798310 

2795241 
27$>2X73 
2789107 
2786042 
2782978 

27799^^5 
2776853 

2773793 
2770734 
2767676 
2764619 
2761564 
2758510 

2755457 
2752405 

274'? 354 
2746305 

1743^56 I 


IO.0501191 

0501835 

0502479 

0503x24 

0503770 

0504415 
0505062 

0505708 
0506355 

0507003 
0507651 
0508300 
0508949 
0509598 
0510248 
0510899 
05 I 1550 
05x2201 
0512853 

0513505 
0514x58 
05x4811 
0515465 
0516x19 
0516773 
05x7428 
0518084 
05 I 8 740 
0519396 
0520053 
0520711 
0521369 
0522027 
0522686 

0523345 
0524005 

0524665 

0525326 

0525987 
0526648 

P527311 

0527973 
0528636 

0529300 

0529964 

0530628 

P531293 

053^95^ 
0532624 

0533290 

0533957 
P534624 
0535292 
05359^0 
0536629 
0537298 
0537968 
0538638 
0539308 

0539979 
054065 ^ 


10,3429532 
3427054 

3424577 
3422102 
3419629 
3417158 
3414688 
3412220 

3409754 
3407290 

3464827 

3402367 

3399907 

3397450 

3394995 
3392541 
3390089. 

3387639 
3385190 

3382743 
3380298 

3377855 
3375414 
3371974 
3370536 
3368x00 

i3^5(>^5 
3363232 
336080X 

3358372 
3355944 
335 }5i^ 
3351094 
33486 7 X 
3346251 
3343832 
3.<4I4I4 

333^999 
333^5^5 
3334172 

3331762 
3329353 


60 

59 
5« 

57 
56 
SS 
54 
53 
51 
51 
59 
49 
48 

:i 

45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
31 

3* 

30 

29 
28 

27 
26 

25 

24 

13 
22 

21 

20 

19 


3326946 18 

3324541 
3322x37 

3319735 
3317335 
3314936 

3312539 
3310x44 
3307750 
3305358 
3302968 
3300580 
3298x93 
3295808 

3293424 
3291042 
3288662 
3286284 
3283Q07 


17 
16 

15 

14 

13 
12 

ix 
ro 

9 

7 
6 

5 
4 
3 
2 

X 


A TaUe o( ArtificUl Sioes, 


a8 Degrees. 

Ml Sinea. 


Tang. 


6x Deg/ceet. 

Secants. 


j.67r6o93 

9-9459349 

9 7*56744 

iai743*56 

10.054065 

013*83907 

6718468 

945W77 

7159791 

1740*09 

05413*3 

318153* 

671084. 

945*005 

7161837 

»737l63 

054J995 

sji; 

67a3"3 

9457331 

7*65881 

*734"9 

oj4*66g 

673SJ»3 

945W59 

7.68915 

*73lo75 

0543341 

3*74417 

'-- y» 

94SS9'S 

7171967 

*T*8o3j 

0544015 

3*7*o«8 

119 

9455310 

7175008 

* 7*499* 

0544690 

31696^1 

•84 

9454636 

7*78048 

*7*i9i* 

0545364 

. 3*67316 


9453960 

7181087 

IT1S9I3 
1715876 

OJ46040 

3i6^9Si 

09 

9453*85 

7*841*4 

0546715 

3*6*591 

tl 

9451609 

7187161 

»7ii839 

0547391 

3160*31 

9451931 

7*90196 

1709804 

0548068 

3157871 

6744485 

9451155 

7*93*30 

*7o6770 

0548745 

3*55515 

6J46840 

MJ0577 

7196*63 

1703737 

05494*3 

3153160 

6749194 

9449899 

7*99*95 

1700705 

0550101 

3*50806 

' - 46 

9449110 

730*3*5 

1697675 

OJJ0780 

3*48454 

96 

, w5541 

73053LM 

1694646 

0551459 

3*46104 


' 9447861 

7308383 

1691617 
1688590 

055*138 

3*43755 

9» 

9447181 

7311410 

0551818 

3*41408 

37 

9446501 

7314436 

1685564 

0553499 

3139063 

8t 

94458*1 

7317460 

»68i540 

0554179 

3136719 

»3 

9445139 

73*0484 

1679516 

055486: 

3134377 

63 

5444457 

73*351*6 

1676494 

0555543 

3131037 


9443775 

731*5*7 

1673473 

0556115 

3**9698 

40 

9443091 

7319547 

1670433 

0556908 

3**7360 

e77*97J 

9441409 

7331566 

1667434 

05575PI 

31150*5 

- --59 

9441715 

73355*4 

S664416 

0558175 

31**691 

t» 

944104 I 

7338601 

»66i3M 
0658314 

0558959 

3**0358 

?a 

9440356 

7341616 

OJ59644 

3*iSoi8 


9439*?! 

7344631 

96553*9 

05603*9 

3115699 

19 

9438985 

7347644 

a6ji356 

0561Q15 

3113371 

!5 

9438*99 

7350656 

a649344 

0561 JOI 

3*11045 

'9 

94376" 

7353667 

1646333 

Oj 61388 

31087*1 


9436915 

7356677 

»6433*3 

0563073 

3106398 

13 

9436138 

7359685 

*6403I5 

0563761 

3*04077 

M 

9435549 

7361693 

9637J07 

0564451 

3*01757 


9434861 

7365699 

»63430i 

, 0565139 

3199440 


943417* 

736870^ 

1631*95 

0565818 

J<97i*3 

680JI9I 

943348* 

737^J°9 

3618191 

0566518 

3194809 1 

«807jO4 

043*79* 

73747J* 

1615188 

0567108 

319*496 1 

6809S16 

9431101 

73777'4 

b6i*i86 

056789S 

3100184 1 

<(Siiii6 

94)I4U 

7380715 

16)9185 

0168569 

3.i7S74 I 

■6814434 

9430710 

7383714 

1616186 

oj 69180 

3185566 1 

6816741 

943001B 

7386713 

4613*87 

056997* 

3183*59 ■ 

6KJSID46 

9419335 

7389710 

1610190 

0570663 

3180954 1 

68"349 

94*8643 

739*707 

160719,1 

0571357 

3178651 1 

68236J. 

9417949 

7395701 

1604198 

0571051 

3 '76349 * 

681J9J1 

9417*55 

739865,6 
74D1689 

1601304 

0571745 

3174048 t 

6818150' 

94*6j6i 

.159*3" 

0573439 

3171750 J 

6830548 

9415866 

7404681 

1595319 

0574134 

, 316945* I 

683*843 

9415171 

7407671 

*59*3iB 

0574819 

3167157 ' 

683J137. 

9414476 

7410661 

aj8933g 

0575514 

3164863 

6837430 

9413779 

7413650 

1586350 

0576111 

316*570 

6839710 

94*3=83 

7416638 

IJ8336* 

05 769' 7 

, 3I(k)i8o 

6B41010 

941*386 

74196*+ 

ajti0376 

0577014 

3157990 

■6844197: 

94*1688 

741*609 

sj 77391 

057S31* 

3155703 

■68465«3i 

9410990 

74*5594 

■ 1574406 

0579010 

3153417 

6B48868; 

94*0191 

74*8577 

15714*3 

0579709 

3151131 

68511511 

941959* 

7431559 

1568441 

0580408 

314S849 

JS853431' 

^4^6893 

7434540 

1565460 

0581107 

3146568 

6ifS7li 

9Mii9i 

74375*0 

!j6»,8o 

Pj8iBo7 

3144*88 


Tangents, and Secants. 


ao Degrees. 


, 

M 

Sine. 

Tang, 

o 

9-*8557i» 

9 9418193 

9-74375*0 

10.2562480 

z 

6857991 

94x749* 

7440499 

*55950i 

* 

6860267 

9416791 

7443476 

*5565»4 

3 

6861542 

9416090 

7446453 

*553547 

4 

6864816 

9415388 

7449428 

*55057* 

5 

68670b 8 

9414685 

745*403 

*547597 

6 

6869359 

941398* 

7455376 

^5446*4 

7 

68716^8 

94x3*79 

7458349 

254x65 I 

8 

6873895 

941*575 

7461320 

1538680 

19 

6876161 

941x871 

7464*90 

25357x0 

10 

6878425 

' 9411166 

7467*59 

*53*74i 

II 

6880688 

9410461 

7470**7 

*5*9773 

rz 

6882949 

9409755 

7473x94 

1526806 

13 

6885209 

9409048 

7476160 

1523840 

14 

. 6887467 

9408342 

7479125 

25*0875 

15 

6889723 

9407634 

7482089 

15x7911 

Z6 

6891978 

9406927 

748505* 

25x4948 

17 

6894232 

9406219 

7488013 

25x1987 

i8 

6896484 

94055x0 

7490974 

1509026 

19 

6898734 

9404801 

7493934 

1506066 

fto 

6900983 

9404091 

749689* 

1503x08 

ai 

6903231 

940338X 

7499850 

1500150 

ftZ 

16905476 

9402670 

7502806 

1497x94 

*3 

6907721 

9401959 

750576* 

2494238 

ft4 

6909964 

9401248 

7508716 

1491284 

»5 

6912205 

9400535 

75x1669 

1488331 

ft6 

6914445 

93998*3 

75X461* 

2485378 

47 

6916683 

9399XXO1 

75x7573 

1482427 

a8 

6918919 

9398396 

75*05*3 

2479477 

»9 

692H55 

9397682 

75*347* 

2476528 

30 

69*3388 

9396968 

75264*0 

2473580 

31 

6925620 

9396*53 

75*9368 

1470631. 

3» 

6927851 

. 934)5537 

753*3x4 

1467686 

33 

6930080 

9394821 

7535*59 

2464741 

34 

693*308 

9394x05 

7538*03 

^461797 

35 

6934534 

92933^^ 

754XX46 

3458854 

36 

6936758 

939*671 

7544088 

24559x2 

37 

6938981 

939^953 

75470*9 

245*97X 

38 

6941203 

939x^34 

7549969 

2450031 

S9 

6943423 

9390515 

7552908 

2447092 

40 

6945642 

9389796 

1555^46 

1444154 

41 

6947859 

9389076 

7558783 

1441217 

4» 

6950074 

9388356 

7561718 

1438282 

43 

6952288 

9387635 

7564653 

2435347 

44 

6954501 

9386914 

7567587 

243*4x3 

45 

6956712 

9386192 

7570520 

1429480 

46 

6958922 

9385470 

757345* 

1426548 

47 

6961 130 

9384747 

7576383 

1423617 

48 

6963336 

93840*4 

75793x3 

2420687 

- 49 

6965541 

9383300 

758224a 

2417758 

SO 

6967745 

9382576 

7585x70 

1414830 

51 

■6969947 

938ii^5X 

7588096 

241 1904 

5* 

6972148 

9381126 

7591022 

1408978 

S3 

6974*47 

9380400 

7593P47 

1406053 

54 

697^545 

9379674 

7596871 

1403129 

55 

6978741 

9378947 

7599794 

1400206 

1 $6 

6980936 

' -9378220 

7602716 

1397284 

57 

6983129 

93774i>* 

7605637 

^3943^3 

58 

6985321 

937^7^4 

7608557 

239x443 

59 

6987511 

937^35 

7611476 

1388524 


^^8^jfOo 

937i4«»6 

76x4394 

2385606 


47 

60 Degrees. 

Secant. 


10.0581807 
058*508 
0583209 

05839x0 

o5^.;^>xi 

0585315 
0586018 

0586711 

05874*5 
0588129 

0588834 

0589539 
0590*45 
059095* 
059x658 
0592366 

0593073 
059378X 

0594490 

0595x99 

0595909 
0596619 

. 0597330 
0598041 

059875* 
0599465 
0600177 

0600890 
0601604 
0602318 
0603031 
0603747 
0604463 
0605179 
0605895 
0606611 

ofi073*9 
0608047 
, 0608766 
0609485 
0610204 
0610924 
0611644 
0612365 
0613086 
0613808 
0614520 
0615253 
0615976 
0616700 

06174*4 
0618149 
0618874 
0619600 
0620326 
0621055 
0621780 
0622508 
0623236 
0623965 
0624694 


10.3144*88 
3142009 

3x39733 
3x37458 

3x35x84' 

3x3*91* 

3130641 

3X*8372 
3126105 

3x*3839 
3X*X5^5 
3XX9314 

3XX7051 

31x4791 
3i^^S33 
31x0277 
3108021 
3105768 
3x03516 
3101266 
3099017 
3096769 

30945*4 
3092279 
3090036 

3087795 

30SSSS5 

3083317 
3081081 

3078845 

3076612 

3074380 

3072x49 
3069910 

3067691 

3065466 

3063242 

3061019 

3058797 
3056577 
.3054358 
305*X4X 
30499*6 
304771* 

3045499 
3043*88 

304x078 

3038870 

3036664 

3034459 
303**55 
3030053 

3017852 

30*5653 

30*3455 
3021159 

3019064 

3016871 

3014^79 
3011489 

3010300 


60 

II 

55 
54 
5$ 

5» 

St 

SO 

tt 

47 
46 

45 
44 
43 
42 

40 

% 

37 
36 

3S 
34 
33 
32 
31 

30 
19 

18 

V 
16 

*5 
*4 
*3 

*2 

21 

*o 

x8 

X7 
16 

15 
14 

13 

12 

II 
lo 

I 

7 
6 

5 

4 

3 

2 

X 

9 


48 

JO 

M 

o 
I 

a 

3 

4 

i 

7 
S 

9 

lo 

ZI 

13 
14 

ts 

i6 

17 
i8 
19 

20 

ai 

92 

a3 

a4 

a5 
a6 

37 i 

a8 

ap 

30 

3' 

21 

33 
34 
33 
36 

31 

38 

39 
40 

41 
42 

43 
44 
45 
46 

47 
48 

49 

50 

51 

5» 
S3 
54 
S5 
56 

57 
58 


A Tabic of Arfificial Siilcs^ 


Degrees. 

Sine. 


.6989700 
6991837 

6994073 
6996358 
6998441 
70006** 

700280a 
7004981 
7007158 

7009334 
7011508 
7013681 
7015852 
70180Z2 
7020190 
7022357 

7024523 
7026687 
7028849 
70310U 
7033170 

7035349 
7037486 

7039^41 
7041795 

7043947 
7046099 

7048248 
7050397 

7051543 
7054689 

7056833 

7058975 
7061116 

7063256 

7065394 

7067531 

7069667 

707 I 801 

7073933 
7076064 

7078194 

7080323 

7082450 

7084575 
7086699 

7088822 
7090943 
7093063 
7095182 
7097299 

7099415 
7101529 
7103642 
7105753 
7107863 
7109972 
7 I 12080 
7114186 
7116290 
7118393 


'I- 


Tang. 


59 Degree^; 

Secant. 


9-9375306 

9374577 
9373^47 
9373"6 

93 ^.^ ^5 
937x653 

9370921 

9370189 

9369456 
9368722 

9367988 
• 93^nSA 

9366519 

9365783 
9365047 
936431^ 

93^3514 
9362836 

9362098 
9361360 
9360621 
9359S81 
9359^41 
9358401 
9357660 
9356918 

9356177 
92>SSA3A 
9354691 

9353948 
9353204 

9352459 

935^ns 

9350969 
9350223 

9349477 
9348730 

9347983 

9347235 
9346486 

9345738 

9344988 

9344238 

9343488 

9342737 
934x986 
9341234 
9340482 

9339729 
9338976 
9338222 I 

9337467 j 

9336713 ! 

9335957 » 
9335201 \ 

9334445 : 
9333688 I 

9332931 j 
9332173 '■ 
9331415J 
933^656 1 


7614394 1 10 
.7617311 

7620227 

7625142 

7626056 

7628969 

7631881 

7634792 
7637704 

7640612 

7643520 
7646427 

7649334 
7652239 

7655143 
7658047 

7660949 
7663851 
7666751 
7669651 
7672550 
767544^ 
7678344 
7681240 

76^54135 
7687029 

7689922 

7692814 

7695705 
7698596 

7701485 

770437'3 
7707261 

7710147 

7713033 

77159x7 
7718801 

7721684 

7724566 

7727447 
7730327 
7733206 

7736084 
7738961 
7741838 

77447x3 
7747588 

7750462 

17S3Z3A 
7756206 

7759077 
7761947 

7764816 

7767685 

7770552 
7773418 
7776284 

7779149 
7782012 

7784875 
7787737 


2385606 
^382689 

2379773 
2376858 

2373944 
2371031 
2368119 
2365.208 
2362298 

2359388 
2356480 

^353i7^ 
2350666 
2347761 

2344857 
2341953 
233905^ 
2336149 
2333249 
2330349 
2327450 

2324552 
2321656 
2318760 
2315865 
2312971 
2310078 
2307186 
2304295 

230I404 
2298515 

2295627 
2292739 
2289853 
2286967 
2284083 
2281199 
2278316 

2275434 
2272553 
2269673 
2266794 
2263916 
2261039 
2258162 
2255287 
2252412 
2249538 
2246666 
2243794 
2240923 
2238053 

2235184 
2232315 
2229448 
2226582 
2223716 
2220851 
2217988 
2215125 
^212^63 


10.0624694 
0625423 
0626153 

• 0626884 
06276^5 
0628347 
0629079 
0629811 
0630544 
0631278 
0632012 
0632746 
0633481 
0634217 

o(i3A9S3 
0635689 
0636426 
0637164 
0637902 
0638640 

0639379 
0640119 

0640859 

0641599 

. 0642340 

0643082 

0643823 

0644566 

0645309 

0646052 

0646796 

0647541 

0648285 

0649031 

0649777 
0650523 

0651270 

0652017 

0652765 

0653514 
0654262 
0655012 
0655762 
06565 12 
0657263 
0658014 
0658766 
0659518 
0660171 
0661024 
0661778 

a(|62533 
0663287 

0664043 

0664799 

0666312 
0667069 
0667827 
0668585 
0669344 


103010,1-0 
3008 113 
3005927 
3003742 

3001551; 
2999378 
2997198 
2995019 
2992^42 
2990606 
2988492 
2986319 
2984148 
2981978 
2979810 

2977643 

2975477 

2973313 

297X15X 
2968989 

2966830 

2964671 

2962514 
2960359 
29*8205 

'^9S,f»osz 
^953901 


-95x752 33 

2949603 32 

2947457 31 

39453XX 30 

2943x67 29 

2941025 28 

2938804 27 

2936744 26 

2934606 25 

2932469 24 

2930333 ^3 

2928I99 22 

2926067 21 

2923936 20 

2921^06 X9 

29x9677 x8 

29x7550 17 

29x5425 x^ 

29*13301 15 

29H178 14 

2909057 13 

2906937 12 

2904818 n 

2902701 10 

2900585 • 9 

2898471 8 

^89635 8 7 

2894247 6 

2892137 5 

2890028 4 

A887920- 3 

2885814 2 

2883710 r 
&281607 


60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 

44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 


Tangents aiid Secants. 


4f 


31 

Degree*. 



58 Degtees* 

M 

Sine. 

/ 

Tang, 

97787737 

10.2212263 

Secant. 


M 



9-7^18393 

99330656 

10.0669344 

10.2881607 

60 

• I 

7110495 

9349897 

7790599 

2209401 

0670J03 

4879505^59 

a 

7I1Z596 

93'i9^37 

7793459 

2206541 

0670863 

2877404 

5S 

3 

7ia4695 

9348376 

7796318 

2203682 

0671624 

4875305 

57 

'4 

7126791 

9327616 

7799^77 

2200823 

0672384 

2873208 

56 

5 

7128889 

9346854 

7802034 

2197966 

0673146 

2871111 

SS 

. 6 

71309^3 

9326092 

7804891 

2195109 

0673908 

2869017 

54 

7 

7133077 

9345330 

7807747 

2192^53 

0674670 

2866923 

53 

S 

7135^69 

93-^4567 

7810692 

2189398 

0675433 

2864831. 

5» 

9 

7137260 

9323804 

7813456 

2186544 

0676196 

2862740 

51 

10 

7139349 

9343040 

7816309 

2183691 

0676960 

2860651 

50 

11 

7141437 

9322276 

7819162 

21808^8 

0677724 

4858563 

.1 

11 

7143544 

93415" 

7822013 

2177987 

0678489 

4856476 

13 

7145609 

9340746 

7824864 

4175136 

0679254 

4854391 

47 

14 

7147693 

9319980 

7827713 

2172287 

0680020 

2852307 

46 

15 

7149776 

9319213 

7830562 

2169438 

0680787 

2850224 

45 

16 

7151857 

9318447 

7833410 

2166590 

0681553 

4848143 

44 

17 

7153937 

9317679 

7836258 

2163742 

0682^21 

• 2846063 

43 

18 

7156015 

P316911 

7839104 

2160896 

0683089 

4843985 

4% 

19 

7158092 

9316143 

7841949 

4158051 

-0683857 

2841908 
4839832 

41 

40 

7160168 

9315374 

7844794 

2155206 

0684626 

40 

ai 

7162243 

9314605 

7847638 

4152362 

06S539S 

4837757 

39 

%% 

7164316 

931^3^35 

7850481 

4149519 

0686165 

4835684 

38 

»3 

7166387 

9313065 

7853343 

2146677 

0686935 

4833613 

37 

«4 

7168458 

9312294 

7856164 

4143836 

0687706 

4831542 

36 

45 

7170526 

9311544 

7859004 

2140996 

0688478 

2829474 

35 

26 

7174594 

9310750 

7861844 

4138156 

0689250 

2827406 

34 

*7 

, 7174660 

9309978 

7864682 

4135318 

0690022 

4825340. 

33 

a8 

7176745 

9309205 

7867520 

2132480 

0690795 

4823275 

3* 

ft9 

717S789 

•9 30843 2 

7870357 

2129643 

0691568 

2821211 

31 

30 

718085 I 

9307658 

7873193 

2126807 

0692342 

2819149 

30' 

31 

7182912 

^306883 

7876028 

2123972 

0693117 

28117688 

n 

3« 

7184971 

9306109 

7878863 

2121137 

0693891 

2815029 

33 

7187030 

9305333 

7881696 

21 I 8304 

0694667 

2812970 

«7 

34 

7x89086 

9304557 

7884549 

4115471 

0695443 

2810914 

46 

35 

7191142 

9303781 

7887361 

2112639 

0696219 

2808858 

^5 

36 

7193196 

9303004 

7890192 

2109808 

0696996 

2806804 

44 

37 

7195449 

9JO2226 

7893023 ■ 

2106977 

0697774 

48olj75i 

43 

38 

7197300 

9301448 

7895852 

2 104 148 

0698552 

/ 2802700 

^^ 

39 

7199350 

9300670 

7898681 

2101319 

0699330 

2800650 

21 

40 

7201399 

9299891 

7901508 

2098492 

070Q109 

2798601 

20 

41 

7203447 

92991 I 2 

7904335 

2o;5665 

0700888 

4796553 

19 

4a, 

7405493 

9498334 

7907161 

2092839 

0701668 

4794507 

Ig 

43 

7407538 

P49755I 

7909987 

2090013 

0702449 

2794462 

17 

44 

7209581 

9296770 

7912811 

2087189 

- 0703230 

2790419 

16 

45 

721 1623 

9495989 

7915635 

2084365 

0704D11 

2788377 

H 

46 

7213664 

9495407 

7918458 

2081542 

070471>3 

4786336 

14 

47 

7215704 

9294424 

7921280 

2078720 

0705576 

4784496 

13 

48 

7217744 

r 9493641 

7924101 

2075899 

0706359 

2782258 

i» 

49 

7219779 

9494357 

7926921 

2073079 

0707143 

2780221 

11 

50 

7221814 

9494073 

7949741 

2070259 

0707947 

2778186 

10 

51 

7223^48 

9291289 

7932560 

2067440 

0708711 

2776152 

9 

5a 

7225881 

9290504" 

7935378 

2064622 

0709496 

2774119 

S 

53 

' 74479^3 

9289718 

7938195 

2061805 

0710282 

2774087 

7 

54 

7229943 

9488932 

7941021 

2058989 

0711068 

2770057 

6 

55 

7231972 

9288145 

7943827 

2056173 

0711855 

' 2768028 

5 

56 

7234000 

9487358 

7946641 

4053359 

0712642 

. 2766000 

4. 

57 

7236026 

9286571 

7949455 

4050545 

0713449 

2763974 

3 

58 

7438051 

9485783 

7952268 

4047734 

0714417 

2761949 

% 

'15> 

7240075 

9284994 

7955©81 

2044919 

0715006 

4.7599 M 

^ 

^0 

7244097 

9284405 

7957894 

4042108 

1 0715795 

4757903 

• 


^^" 


mm 


y» 


32 Degrees. 

M 


Sines. 



9. 7*4*097 

^.9284205 

I 

7244118 

92X3415 

a 

7*46138 

9^82625 

S 

7248156 

9*81834 

4 

7250174 

9281043 

5 

7252189 

9280251 

6 

7254*04 

9*79459 

7 

7256217 

9278666 

8 

7258229 

9*77873 

9 

7260240 

9*77079 

10 

7262249 

9*276285 

II 

7264257 

9275490 

12 

7266264 

9*74695 

13 

7268269 

9*73899 

14 

7*70*73 

9^73^03 

15 

7272276 

9272306 

16 

7274*78 

9271509 

17 

7276278 

9270711 

xS 

7*78*77 

9269913 

»9 

7280275 

92691 14 

oo 

7282271 

9268314 

al 

7284267 

9267514 

»2 

7286260 

92667x4 

«3 

7288253 

9*659*3 

*4 

7290244 

9265 112 

«5 

7292234 

9264310 

a6 

7*94**3 

9*63507 

*z. 

729621 I 

9262704 

a8 

7*98197 

9261901 

«9 

7300182 

9261096 

30 

730*165 

9260292 

3* 

7304148 

9259487 

3* 

7306129 

9258681 

33 

7308109 

•9*57875 

34 

7310C87 

9257069 

H 

7312064 

9256261 

36 

7314040 

9*55454 

37 

7316015 

9254646 

38 

7317989 

9*53837 

39 

7319961 

9*53028 

40 

73*193* 

9252218 

41 

73*390* 

9251408 

4» 

7325870 

9*50597 

43 

, 73*7837 

9249786 

44 

73*9803 

9*48974 

AS 

^ 7331768 

9248161 

46 

^ 7333731 

9*47349 

47 

7335693 

9*46535 

48 

7337654 

9*457*1- 

49 

7339614 

9244907 

50 

734157*' 

92-4409* 

5^ 

53 

73435*9 

9*43*77 

7345,485 

9242461 

7347440 

9*41644 

54 

7349393 

9240827 

■5^ 

7351345 

9240010 

5<^ 

7353*96 

9*39191 

57 

7355*46 

9*38373 

J« 

7357195 

9*37554 

i9 

735914* 

9*36734 

^ 

7i6iO<^8 1 

9*359x4 


A Table of Artificial Sine^,^ 


Tang. 


57 Dcgtcw* 

Secants. M 


9 795789a 
7960703 

7963513 
7966322 

7969130 
797^8 
7974745 
7977551 
7980356 
7983160 

7985964 
7988767 

7991569 
7994370 
7997170 

7999970 
8002769 
8005567 
8008365 
8011161 

8013957 
8016752 
8019546 
8022340 
8025133 
8027925 
8030716 
8033506 
8036296 
8o39oa5 
8041873 
8044661 

8047447 
8050233 

8053019 
8055803 
8058587 
8061370 
8064152 
806693.3 
8069714 
8072494 

8075*73, 
8078052 

8080829 
ii 083606 
80863^3 
8089158 
8091933 

8094707 
8097480 
8100253 
8103025 
810579^ 
8108566^ 

811133^ 

8114105 
8116873 

8119641 

8122408 

81*5174 i 


10 2042108 

2039297 
2036487 

1033678 
2030870 
2028062 
1025255 

2022449 
2019644 

3016840 
2014036 
2011231 
200843! 
2005630 
2002830 
2000030 

1997*31 

1994433 

199 I 635 
1988839 

1986043 
1983*48 
X980454 
1977660 
19/4867 

197*075 
1969284 
X966494 

1963704 
19609 15 

1958127 

1955339 

195*553 

1949767 

' 1946981 

1944197 

1941413 
1938630 

1935848 
1933P67 
1930286 
19*7506 

19*47*7 
1921948 

X919171 

1916394 

1913617 
1910842 
1908067 

1905*93 
1902520 
1899747 

1896975 
J 894 204 

1891434 
2888664 

1885895 

1883127 

1880359 

187759* 
18743*6 1 


10.0715795 
0716585 

0717375 
0718166 

0718957 

0719749 
0720541 

07*1334 
0722127 

0722921 

07*3715 
0724510 

07*5305 
0726101 

0726897 

0727694 

0728491 

072928^ 

0730087 

0730886 

©731686 

0732486 

0733286 

0734087 

0734888 

©735690 

0736493 
0737*96 
0738099 
©738904 
0739708 

0740513 
0741319 
074*125 
074*931 

0743739 
0744546 

0745354 
0746163 

0746972 
0747782 
0748592 • 

0749403 
0750214 
0751026 

0751839 ' 
©752651 

0753465 
0754*79 
0755093 
075J908 

07567*3 

0757539 
0758356 

0759173 
0759990 
0760809 
0761627 
0762446 
0763266 
0764086 


10.2757903 
1755880 
1753^62 

1751844 
1749826 
»7478ii 
1745796 
1743783 

1741771 
2739760 

*7^775i 
1735743 
1733736 

*73i73l 
2729727 

17*77*4 
17*57** 
17*37** 
17*1723 

17197*5 
1-7177*9 

1715733 
1713740 

1711747 
1709756 
1707766 

1705777 
1703789 

«7oi8o3 

2699818 

1697835 
1695852 
1693871 
1691891 
2689913 
1687^36 
2685960 

1683985 
26 8201 I 
3680039 
2678068 
1676098 
2674130 
2672163 
2670197 
2668232 
266626^ 
1664307 
2662346 
26603JS6 
2658428 
2656471. 

1654515 
2652560 
2650607 
1648655 
2646704 

1644754 
2642805 

2640858 

1638912 


6a 

II 

57 
56 
SS 
54 
53 
5* 

:s 

47 
46 
45 
44 
43 
4* 
41 
40 

% 

37 
36 

3S 

34 
33 
3* 
31 
3<^ 

*r 

26 

*4 i 

23; ' 
29 
21 
29 

19 

18 ' 

17 

15 
14- 

13 
12 

II 


i 

7 
6 

5 

4 

5 
2 
s 


33 Degfees. 

M 

Sine. 

• 

O 

9.7361088 

19-9*35914 

z 

, 736303a 

9235093 

a 

7364976 

9234272 

3 

7366918 

9*33450 

4 

7368859 

9232628 

5 

7370799 

9231805 

6 

737*737 

9230982 

7 

7374675 

9*30158 

2 

73 7661 I 

9**9334 

' 9 

7378546 

9228509 

lO 

7380479 

9227684 

II 

yS%24t% 

9226858 

1% 

73*4343 

9226032 

13 

7386173 

' 9225 20J 

14 

7388201 

9224377 

«5 

7390129 

9**3549 

x6 

739^535 

9222721 

. 17 

7393980 

9221891 

i8 

7395904 

9221062 

'9 

7397827 

9220232 

ao 

7399748 

9219401 

ai 

7401668 

9218570 

22 

7403587 

9217738 

a3 

7405505 

9216906 

«4 

7407421 

9216073 

*5 

7409337 

9215240 

s6 

7411251 

9214406 

»7 

7413164 

9*1357* 

oS 

" 7415075 

9212737 

»9 

741 6986 

921 1902 

30 

7418895 

9211066 

31 

7420803 

9210229 

3* 

7422710 

' 9209393 

33 

7424616 

9*08555 

i 34 

7426520 

92077r7 

» 35 

7428423 

9206878 

36 

7430325 

9206039 

37 

7432226 

9205200 

38 

7434146 

9204360 

39 

7436024 

9203519 

. ^<^ 

74379*1 

9202678 

41 

7439817 

9201836 

4* 

74417M 

9200994 

43 

7443600 

920015 1. 

44 

7445498 

9199398 

45 

7447390 

9198464 

46 

74492^ 

9197619 

47 

7451x69 

9196775 

48 

7453056 

91959*9 

49 

7454943 

91950*3 

50 

7456828 

9194*37 

51 

7458712 

9193390 

5* 

7460^9.5 

919254a 

- 53 

7462477 

9191694 

54 

7464358 

9190845 

55 

7466237 

9189996 

56 

^468115 

9189146 

57 

7469902 

9188296 

-58 

7471868 

9187445 

59 

7473743 

9186594 

• 60 

. 7475^17 

.91857421 


Tangents, and Secants. 


Tang, 


$6 Degrees* 


Secant. 


8125174* 10 

81279391 
81307041 
8133468 

8136231 
8138993 

8141 755 
81445 16 

8147*77 
8150036 

815*795 
8155554 
8158311 
8161068 
8163824 
8166580 

8169335 
8172089 

8174842 

8177595 
8180347 
8183098 

8185849 

8188599 
8x91348 
8194096 
8196844 
8199592 
8202338 
8205084 
8207829 
-82x05 74 

8213317 
8216060 

8218803 

8221545 
8224286 

8227026 
8229766 
8232505 
8235244 
8237981 
8240719 

8243455 
8246191 
8248926 
825x660 

8254394 
8257x27 
8259860 
8262592 

82653*3 
8268053 
8270783 

8273513 
8276241 
8278969 
8281696 

8284423 
8287149 
8289874 


1874826 
I 87206 I 
1869296 
1866532 
1863769 
1861007 

1858245 
1855484 
1852723 
1849964 
1847205 
1:844446 
1841689 
1838932 
1836176 

18334*0 
1830665 
182791X 
1825158 
1822405 
18x9653 
18x6902 

1814x51 
18x1401 

1808652 

1805904 

1803156 

1S00408 

1797662 

1794916 

179217X 

1789426 

1780683 
1783940 

1781197 

1778455 
1775714 
177*974 
1770234 

1767495 
1764756 
^762019 

I759*8x 

1756545 
1753809 

1751074 
174834c 
1745606 

174*873 
1740x4c 

1737408 

1734677 
1731947 
17292x7 

1726487 

17*3759 
1721031 

1718304 

17x55 7/ 
17x2851 

27IOI26 


10.0764086 
0764907 
0765728 
076655c 
0767372 
0768195 
07690x8 
0769842 
0750666 

0771491 
0772316 

0773x42 

0773968 

0774795 
0775623 

0776451 

0777279 
0778x09 

0778938 
0779768 
07B0599 
078x430 
0782262 
07«3094 

07839*7 
b78476o 

6785594 
0786428 
0787263 
0788098 
0788934 
0789771 
0790607' 

0^91445 
. 0792283 

07931*2 
079396X 
0794800 

0795640 
0796481 

07973** 
0798164 

0799006 

0799849 
0800692 
0801536 
08023 8 X 
0803225 
0804071 
0804917 
0805763 
q8o66io 
0807458 
0808306 

081CO04 
08x0854 
08x1704 
0812555 
08134C6 
08x4*58 


10 




.2638912 
2636968 
2635024 
2633082 
263x141 
262920X 
2627263 
2625325 
2623389 

2621454 
2619521 
2617588 
2615657 

2613727 
261 I 799 

2609871 

2607945 
2606020 

2604096 
2602x73 
26002^52 
259833* 
2596413 
2594495 

259*579 
2590663 

2588749 
2586836 

2584925 
2583014 
2581105 
2579197 
2577*90 
2575384 
2573480 

2571577 
2569675 
2*567774 
2565874 

2563976 
2562079 j 
2560x83 { 
2558288 

2556394 
2554502 
25526x0 
25507*0 
4548831 
2546944 
2545057 

254317* 
254x288 

2539405 
25375*3 
253564* 
2533763 
2531885 
2530008 

252813* 
2526257 
2524383 


M 
60 
58 

57 
56 
55 
54 
5S 
5» 
51 
50 

:i 

47 
46 
45 
44 
43 

4» 
41 
40 
39 
38 

36 
35 
34 
33 
3» 

30 

28 

27 
26 

25 

24 

23 

22 

*2I 

20 

19 
18 

17 
16 

15 

14 

13 
12 
H 
10 

9 
S 

7 
6 

5 

4 

3 

2 
I 


A Table of Artificial Slne»^. 


34 Degrees. 

Sine. 


Tang. 


5S Degrees. 

Secant. M 


T^7j6i7 

9.9'85 74» 

74774ii9 

9184890 

7479360 

9184037 

7481130 

9183183 

7*83099 

9181319 

7484967 

9181475 

?486B33 

9.80610 

748B69! 

9179764 

7490j6i 

9.78908 

74914IJ 

9.7805/ 

7494*87 

9177194 

7496148 

9" 76336 

7498007 

9175478 

7499866 

9174619 

7J01713 

917376c 

7J03i79 

91 7190c 

7JOJ434 

9171040 

7J07»8? 

9171179 

7509140 

9170317 

as 

9169455 
916K593 

7514691 

9167730 

7JI6J38 

9166866 

7ii838j 


7^10331 

91651J7 

751*075 

9164171 

7J»39'9 

9163406 

jJiJT*! 

9161539 

7517601 

9161673 

7il944» 

9160805 

7J3"8o 

91599.7 

7533118 

9159069 

7J34W4 

915 810c 

7536790 

9157339 

753^624 

915646a 

75404J7 

, 9155589 

7543188 

9154718 

7544119 

P153846 

754J949 

9151974 

7547777 

9151.01 

7549604 

915U18 

7551431 

9.50354 

7553*56 

9.49479 

7555080 

914S604 

7i5«9<« 

9147719 

7558714 

9146851 

7560544 

9«59;6 

7561364 

9145099 

7 '64 181 

9l44»ii 

7565999 

9.43343 

7567815 

9141464 

7565*630 

9141584 

7571444 

9140704 

7573356 

9'398m 

757ic68 

9iJ*943 

7J7687B 

913806. 

7578687 

9137179 

7580495 

9136196 

7iBj3c* 

9135413 

7584108 

91345 3<: 

7S«S9n 

Jil3i645 


9.'8i8!,S74 

10.1710116 

10 0814158 

ii;slji43S3 

6a 

8191599 


08.51.0 

151IJI1 


8195313 

1704677 

0815963 

1520640 

5 

8198047 

1701953 

081681; 

1518770 


8300769 

1699131 

081767. 

151690. 

j 

8303491 

1696508 

0S18515 

1515033 


8306113 

1693787 

0819380 

1513167 



.691066 

0810136 

45.1301 



^688346 

0811091 

"509438 

5 

'4 

1685616 

o8lii>49 

"507575 

s 

n 

.681907 

□gli3o6 

»SOs 713 

i 


l6rl0.89 

0813664 

1503851 

4t 

*? 

1677471 

08145" 

1501993 

4 

46 

W7475* 

0815381 

1500134 

4 

*3 

1671037 

0816140 

■ »498i77 


»-- " 

166931. 

0817100 

149641. 


8333394 

1666606 

0817960 

4494566 


8336109 

■ 16*3891 

0818811 

4491713 


833881J 

.66.177 

0819683 
0836545 

1490860 


834153'* 

1658464 

I489OC9 


8344149 

1655 75 1 

P831107 

4487158 


8346961 

1653039 

0831170 

4485309 

: 

8349673 

1650317 

P83J134 

I48346i 

; 

8351384 

.647616 

0833998 

44816.5 


8355094 

.644906 

0B34863 

1479769 


8357804 

16411 9 S 

0835718 

1477915 

; 

8.160513 

1639487 

0B36594 

1476081 

3 

8363. 11 

1636779 

0837461 

4474439 

3 

8365919 

1634071 

0838317 

8471398 

3 

8368636 

163.364 

08391W 

1470558 

3 

8371343 

1618657 

D840063 

146S710 


8374049 

161595. 

0840931 

14668S1 


8376755 

1613145 

0841800 

4465046 


8379460 

1610540 

0841670 

14631.0 


BJ81164 

.617836 

0843540 

146.376 


838486; 

161.S133 

0844411 

1459543 


8387571 

1611419 

0845181 

1457711 


8.19017J 

1609717 

0846154 

145588. 


8391975 

1607015 

0847016 

1454OJI 


E395676 

1604314 

0B47899 

1451413 


8398377 

I601613 

0843771 

1450396 


E40.077 

159891.1 

0849646 

444S569 


8403776 

1596"4 

0850511 

4446744 


8406475 

5593515 

085.396 

1444910 


8409174 

1*90816 

0851171 

1443098 
4441176 


841187 

15881*9 

0853148 


8414569 

158543I 

0854014 



8417165 

1581735 

0854901 

1437636 


8419961 

1580039 

|syi 

4435818 


8411657 

'577343 

1434001 


l^^P^. 

1574649 

0857536 

1431185 


8418046 

1571954 

0858416 

5430370 


8430739 

1569161 

0BJ91S& 

1418^56 


8433431 

1566568 

0860176 

4416744 


8436115 

1563875 

0861057 



843881 

.56U83 

0861939 



844150K 

1558*91 

o86i8ii 



!'"'iS?' 

1555801 

0863704 

4419505 


8446889 

%S5i"i 

; 086458) 

4417698 


I449579 

1550411 

OSSJ470 

1415891 


E4JM68 

'Jf773» 

.0866355 

. iiMoi? 



S5 Degrees. 


X 


31 

4 

5 
6 

i 

9 
xo 

IZ 

I* 

i6 

17 
18 


Sines. 


Tdngents, and Secants. 


Tanj. 


N^ 


»3 

»5 
26 

27 

?9 
30 

31 

32 
33 
34 
35 
36 
37 
38 

39 

40 

41 

4» 

43 

:«4 

45 
46 

47 
48 

49 
50 

51 

52 
53 
54 

55 
56 

5t^ 
58 


7585913 9 
7587717 

7589519 
7591341 
7593I2I 
75949*0 
7596718 

7598515 
'7600311 

7602106 
7603899 
7605692 
7607483 
7609274 
7611063 
761285J 
7614638 
7616424 
7618208 
7619992 
7621775 
7^23556 

7615337 
7627116 
7628894 
7630671 

7632447 
7634222 

7635996 

7637769 

763954<i 

76413" 
7643080 

7644849 
7646616 

7648382 

7650147 

765 191 I 
7653674 
7655436 

7657197 

7658957 
7660715 

7662473 

7664229 

7665985 

76^7739 
766945^2 

7671244 
7672996 

7674746 

7676494 

7678242 
7679989 

7681735 
7683480 

7685223 
7686966 
7688707 
7690448 
7692.187 


.9133645 
pi 32760 

9131875 

9130989 

9 I 30102 

9129215 

9128328, 

9127440 

912655 I 

9125662 

9124772 

9123882 

9122991 

9122099 

9121207 

9120315 

9119422 

9118528 

9117634 

91 167 39 

9115844 
91 14948 
9 I 1465 I 

9113155 

9112257 

9i"359 
91 10460 

5^109561 

9108661 

9107761 

9x06860 

9105959 

9J05057 

9104155 
910325 I 
9102348 
P101444 

9^*0539 
9099634 
90987:318 
9097821 
9096915 
9096007 
9095099 
9094190 
9093281 
9092371 
909x461 
9090550 
9089639 
908JS727 

9087814 
9086901 
9085988 

9085073 

9084159 

9083243 
9C82327 
9081411 
9080494 

9979576 



8452268 , lOb 

8454956 

8457644 
8460332 
8463018 
8465705 
8468390 

8471075 
7473760 

8476444 
8479147 
84818x0 

8484494 

8487174 

8489855 
8492536 

8495416 

8497896 
8500575 

8503453 

8505931 
8508608 

85 I 1285 

8513961 
8516637 

8519314 
8521987 

852466X 

8547335 

8530008 

8534680 

8535334 

8538023 

8540694 

8543365 

8546034 

8548704 

3551374 

8554041 

8556708 

8559376 
8562042 
8564708 

8567374 
8570039 

8574704 
8575368 
8578031 
8580694 

8583357 
8586019 

8588680 

8591341 
8594002 
8596661 

8599341 
8601980 

8604638 
8607296 
8609954 
86x26Jto 1 


51 

54 Degrees- 
Secant. M 


1547734 
X545044 
1544356 
1539668 

1536984 

1534495 
1531610 
1528925 
1526240 

1543556 
1540873 
I5I8I90 

■1515508 

I5I2826 

1510x45 
X507464 
1504784 
X502I04 

1499445 
1496747 

1494069 

X49I394 

1488 7 15 

X486039 

1483363 
X480688 
I4780I3 

1475339 

X474665 
1469992 
1467340 
X464648 

1461977 
1459306 
1456635 

I453J>66 

1451496 
1448628 

1445959 
X443494 

1440624 

1437958 
1435492 
X432626 
i44996x 
1447296 
1424632 
X42I969 

X4i93o6 

1416643 
141398X 
1411320 
1408659 
1405998 

1403339 
1400679 

1398020 

1395362 

1394704 
1390046 

1387390 


xaoS66355 10 
0867240 

0868x25 
08690XX 
0869898 
0870785 
087x672 
6872500 
0873449 

0874338 
0875228 
0876118 
0877009 
0877901 
0878793 
0879685 
0880578 
0881472 
0882366 
0883261 
0884156 
0885052 

0885949 
0886845 

0887743 
088864X 
0889540 
0890439 
089x339 
0892239 
0893140 
0894041 
0894943 

0895845 
0896749 
0897652 

0898556 
0899461 
0900366 
090x272 
0902170 
090308(5 
0903993 
0904901 
0905810 
0906719 
0907629 
0908539 
P909450 
0910361 

0911273 
09x2x86 
0913099 
0914012 
0914927 

0915841 

0916757 

0917673 

0918589 

0919506J 

0920424! 


■/ • . 


2414087 
24x1283 
2410481 
2408679 
2406879 
2405080 
2403282 

240x485 
2399689 

2397894 
239610X 

3^94308 

2394517 
239o;t26 

2388937 

2387M9 
2385362 

2383576 
238x792 
2380008 
2378225 

2376444 
2374663 

2374884 
237x106 

2369349 

2367^53 
2365778 
» 3 64004 
>a36223x 
2360460 
2358689 
2356920 

2353384 
2351618 

2349853 
4348089 

2346326 

2344564 
2342803 

2341043 
2339485 
2337547 
2335771 
23340x5 
233*261 
2330508 
2348756 
2317004 

1345*54 
»3 43506 

434x758 
23200x1 
2318265 
23x6520 

43M777 
2351034 
231x293 
2309554 
23078x3 


I 


il 

57 

56 

55 

54 

53 
5* 
5X 

48 

47 
46 
4^ 
44 
43 
4* 

4i 

4Q 
3 

37 
36 

35 
34 
33 
3* 
31 
30 
2^ 
28 

47 
26 

45 
M 

43 
22 

21 

2» 

19 
18 

17 

x6 

15 
14 
1$ 
12 
II 
xo 

9 
8 

7 
6 

5 
4 

3 

2 

I 
6 


A Table of Artificial Sinel, 


36 Degrees. 



53 Degrc 

;s. 

M 

Sine. 

Tang. 


Secant. 

M 

~ 

9.76M187 

76939*5 

9.9079^76 

9.8611610 

101387390 

Io.09*04»4 

10.1307813 

60 


90786J8 

86.5167 

1384733 

091134.1 

*3o6075 

59 


;6,j66i 

9077740 

86179*3 

1381077 

091116a 

1304338 

jl 


T<i973fl8 

So768» 

8610578 

137941* 

0913180 


37 

4 

7WI34 

9075901 

86*3^33 

J376767 

09*4099 

l^m 

5I 

5 

77(Xi36S 

9074980 

8615887 

>374"3 

0915010 

1*99131 

ss 

i 

7701601 

90740J51 

8618541 

1371439 

091594. 

1*97399 

54 

i 

7704331 

9073138 

8631195 

136880J 

0916861 

1*95668 

53 

7706063 

90713(6 

8633848 

1366.51 

0917784 

**93937 

J* 

9 

7707793 

9071193 

8636,00 

1363300 

0918707 

1191107 

5« 


77095ai 

9070370 

863913* 

136084S 

09*9630 

S',l' 

50 


7711*49 

9069446 

864J803 

"338197 

0930534 

49 


771*976 

90C1B5M 

8644454 

1335546 

0931478 

1187014 

48 

■3 

771470* 

9067597 

8647105 

1351895 

093*403 

1185198 

47 

>4 

;7i64«l 

9066671 

8649733 

1350143 

09333*9 

. 31835 74 

46 


jjiSrjo 

9063745 

8651404 

1347596 

093**3i 
0935181 

AIS1S50 

45 

li 

77198J1 

906*819 

8655053 

1344947 

a*8oii2 

44 

■7 

?7i'593 

^063891 

86j7?oi 

1341*98 

0936108 

1178407 

43 

S8 

77J3314 

9o6j;S4 

8660350 

1339650 

0937036 

3176686 

4* 

19 

7J1J033 

90610 j6 

866iy97 

1337003 

0937964 

1*74967 


ao 

77167JI 

9061 107 

8665644 

1334356 

0938893 

3173*49 

40 


77046! 

9060177 

S668191 

1331709 

0939813 

3*7.53* 

39 

34 

773o'»i 

9OJ0147 

8670937 

1319063 

0940733 

a3698i5 

38 

93 

J73'iK>o 

90383>7 

8673383 

1316417 

094168) 

116a 100 

37 

94 

77336U 

9057386 

8676118 

I3*J77» 

094*614 

1*66386 

36 

•5 

773J3t7 

9036434 

8678873 

13*1117 

0943546 

M64673 

35 

A 

7737039 

9°5J5W 

«68.5.7 

1318483 

0944478 

1161961 

34 

37 

7738749 

9°54j89 

8684160 

1315 B40 

0943411 

116113 1 

33 

«8 

77404J9 

9=53656 

54 

13J3196 

0946344 

1159541 

33 


774»i68 

90ji;m 

|6 

■13'°5S* 

0947*78 

1*5783* 

31 

a* 

774387* 

9OJI787 

89 

1307911 

0948«3 

«56li4 

30 

3> 

7743583 

90308(1 

31 

1305*69 

0949148 

1*54417 

It 

3* 

7747*88 

9049916 

?» 

130*618 

0950984 

3*5171* 

33 

7748993 

9048980 

BJC0013 

1199987 

0951010 

1151007 

17 

34 

7750697 

9048043 

8701633 

1197347 

0931937 

1149303 

i« 


775*399 

9047106 

870J193 

1194707 

095*894 

3*47601 

*i 

jfi 

7754io< 

9046168 

8707933 

1191067 

0933831 

3145899 *4 

37 

77Jj8o» 

9045*30 

871057* 

,1894*8 

0934770 

1144199 13 

38 

7?J7JO» 

9044191 

8713110 

1186790 

0935709 

3143499 33 


77J9'99 

904333 1 

8715848 

118415* 

0956649 

3140801 31 


7760897 

90414>I 

871B486 

1181514 

0937389 

1139103 30 

At 

776x593 

9041470 

87*1113 

1*78877 

0958530 

1137407 If 
1135711 18 


7764189 

9040JI9 

8713760 

1176140 

0939471 


7763983 

9039587 

87*6396 

117360+ 

09604.3 

1*34017 17 


7767636 

9038644 

87*903* 

1*70968 

0561356 

313*3*4 16 

4« 

7769369 

9037701 

B731668 

116833* 

096**99 

1130631 IS 

7771060 

9036757 

8734301 

1165698 

0963*43 

il*8945> 14 


777>730 

9033813 

8736937 

.163063 

0964187 

1*17150 13 


7774439 

9034868 

8739371 

1160419 

096513* 

11IJ161 1% 


7776118 

9033923 

8741104 

a»5 7 796 

0966077 

1113873 1 11 


7777813 

903x977 

6744838 

11JJ161 

0967013 

1111185 



77 79J01 

9031031 

8747470 

liS-^Si^ 

0967969 

1110499 

9 


7781186 

9031084 

8730.04 

1*49898 

0968916 

3*18814 

8 


7782870 

9030136 

875*734 

1147166 

0969864 

11.7130 



7784353 

9019188 

875 1 365 

1*44635 

0970S.1 

11.5447 



7786^33 

9028239 

8737996 


097.761 

3113765 

s 

s 

7787916 

9017189 

8760517 

1139373 

097*71. 

1*11084 



7789596 

90*6339 

8763157 

1136743 

0973661 

1110404 



779l»73 

90133!^ 9 

87658^6 

1114114 

0974611 

1*08715 


mS" 

779*933 

9034438 

876S5IJ 

1*31485 

0^73361 

1107047 


^ 

77IM630 

90134S6 

877"44 

iM88j6 

0976514 

aa«i37o 



Tangents, and Secants. 


37DegfeeB> 

M Sine. 

° 9-T794*.lo 9- 
■ 7796306 

* 7797981 

3 7799^JJ 

4 780131)! 
5 , 7803000 
6 [ 7804671 
7 : 780634' 

* 7S08010 
7809677 
7811344 
78i30«o 
7S1467J 
7816339 
jBiHooi 
7K19664 
7S11314 
78M984 
78*4643 
7816301 
7827,j8 
7819614 
78^1168 
7g3»9M 
7834J7J 
7B36117 
7837878 
7839J*8 
784"';7 
784*814 
7844471 
7846117 
784776* 
784M06 
78ilo49 
785*691 
7Bi43J* 
78jJ97» 
78x7611 
78.(9*49 
7860886 
786*5*1 
7864137 
7865791 
7867454 
7S(<90s6 
7870687 
78-1317 
7873946 
7875574 
7877*01 
7S78818 
7880453 
788*077 
7883701 

jSs6g^4 
7888565 
7890184 
7891801 
789a4ao 


5Z Degrees. 

M 


Tang. 

Secant. 

^.8771144 

10.1J18856 

10.0976514 

10.1*05370 

877377* 

Jii6il8 

0977466 

1103694 

8776400 

1113600 

0978419 

110ID19 

87790*7 

»i*09;3 

097937* 

1100345 

8781654 

1118346 

0980316 

1198671 

8784*81 

11157J9 

oy8li8i 

1197000 

8786907 

I 113093 

0981136 

1195319 

878W33 

1110467 

0983191 

"93659 , 

879*158 

1107841 

0984148 

1I91990 

879478* 

1105*18 

09^5105 

ISi'sl 

8797407 

11DI593 

0986061 

8800031 

1199969 

09870*0 

1186990 

8801654 

1197346 

0987579 

»i85^ii 

8805177 

1194713 

0988938 

Il8j66j 
118*998 

81(07900 

1191100 

0989898 

881051* 

11S9478 

09^,0858 

1*80336 

8813144 

ilin>il56 

0991819 

1178676 

88.5765 

li8-i*35 

0991781 

1177016 

8818386 

I1K1614 

0993743 

a"75357 

S81IOO7 

1178993 

0994706 

IJ73699 

8813617 

1176373 

0995669 


8816146 

II73754 

0996633 

1170386 

8818866 

1171134 

0997597 

i.68?31 

8831484 

1168516 

0998561 

1167078 

8834103 

1165 89 7 

099951S 

1165415 

88367*1 

1163171) 

1000494 

1163773 

8839338 

I 160661 

1001461 

H 61 I 31 

884.956 

115S044 


1160471 

8844571 

J 155418 

1003396 

1158813 

8ii47i'>9 

HjiJiI 

1004304 

1157176 

884980J 

1150195 

1O05333 

* '55 5*9 

lt85i4»o 

11475'io 

1006303 

*1J3*83 

8855035 

1144965 

1007171 

115**38 

8S57650 

114*350 

1008144 

1150594 

8S60164 

1139736 

10091 16 

1148951 

8861878 

1137111 

I0I0188 

1I47309 

8B6549* 

1134508 

X011160 

1145668 

886Bro5 

- I131KM 

1011133 

1144018 

8870718 

I I 19181 

1013107 

1141389 

8873330 


10I4081 

1140751 

8875941 

11*4058 

1015056 

1139114 

8878554 

11*1446 

1016031 

1137478 

8881165 

J 1 18835 


»'3J843 

88b3775 

J 1 16315 

I0I798J 

1134109 

8886386 

11 13614 

1018961 

ai3*5 76 

88II8996 

1111004 

10I9940 

113^944 

8891605 

1108395 

I0IO918 

11*9313 

8894*14 

1105786 

10I1897 

*ll?6g3 

B896813 

11OJI7; 

101*877 

111605I 

ba9943* 

11005615 

1013 85 7 

*n44*6 

8901410 

1097960 

101483a 

1111798 

8904*47 

I095353 

1015819 

111II71 

8907154 

109*746 

1016801 

1119547 

8909861 

1090139 

10*7784 

11179*3 

8911468 

108753* 

1018767 

1116199 

8915074 

10849*6 

10*9751 

1114677 

89I767P 

10813*1 

J030735 

1113056 

iuiOi&s 

1079715 

10317*0 

1111435 

891*890 

1077110 

ID31706 

1.09816 

8915494 

1074506 

J033691 

aioejio 

8s,»8098 

io7iSoa 

1034679 


A Tabic of Artificial Sines, 


38 Degrees. 



aine. 

J.789J4W 

9. 8965311 

7B9J03S 

8964334 

7896611 

B96J346 

7898166 

89613^8 

78i.j8i!o 

89S.369 

790'*y3 

8960379 

7903104 

8959389 

790471J 

89J8398 

79063*5 

8957406 

79°ym 

8956414 

7909541 

89554" 

7911148 

8954419 

t9"7J4 

8953435 

7»^«i9 

8951440 

79'-i963 

8^151445 

79.7566 

8950450 

7919168 

6949453 

79*0769 

8948457 

»'l 

=_ _ 

5i 

79»jj66 

63 

79»7l6j 

h 

79i876o 

54 

79J03JJ 

S3 

793'949 

ii 

7933J43 

Si 

793J'3i 

1*939458 

7936717 

8938456 

7938J17 

8937451 

79399°; 

89,6448- 

7941496 

8935444 

7943083 

8934439 

7944670 

893J433 

7946156 

8931416 

7947B41 

89J1419 

794941J 

89J0411 

79J1008 

8919404 

79J1J90 

8918395 

7954" 71 

8917385 

79JJ7JI 

8916175 

79J7330 

8915365 

7958909 

8S14354 

79604'.6 

8913341 

71)6>d6» 

8911319 

7963638 

8911316 

79*i"i 

8910303 

^966786 

8919189 

79683J9 

8918174 

7969930 

8917158 

■ i9?iJ°i 

8916141 

7973071 

8915116 

7974640 

8914108 

7976108 

8913191 

797777J 

8911171 

7979i4' 

8911153 

7980906 

89I0133 

7981470 

8909113 

7984034 

8 90*109 1 

79^SS9' 

8907071 

79S7158 

8906049 

7988718 

«90j«l« 


Tang. 


$1 Degrcet 

Secant. M 


9. 89 18098 

8 930701 
8933306 
8935909 
8938511 
8941114 
8943715 
8946317 
8948913 
8951519 
8954119 
8956719 
8959319 
8961918 
119645 1 7 
8967116 
8969714 
8971311 


71 
. >5 

9003459 
9006051 
9008654 
90"»37 
9013830 
9016411 
9019013 
9011604 
9014195 
9016786 
9019376 
9031966 
9034555 
9037144 
9039733 
9041311 
9044910 
9047497 
90JO085 
9051671 
90SS'l59 
9057845 
9060431 
9063017 
0065603 
9068188 
9070773 
9073357 
9075941 
9078515 
908TI09 
90S369* 


10.1071901 

10.1034679 

1069,98 

1035666 

1066694 

1036654 

10640,1 

1037641 

I06I489 

7038631 

1058886 

1039611 

1056185 

1040611 

1053683 

1041601 

lojioSi 

1043594 

1048481 

1043586 

1045881 

1044578 

10*3181 

1045571 

1040681 

1046565 

103B081 

1047560 

~ io,J5483 

104S555 

IOJ1884 

1049550 

I030181I 

' 0505 4 7 

1017688 

1051543 

1015090 

1051541 

1011493 

1053J39 

1019896 

1054537 

1017300 

105^53? 

1014704 

1056536 

roil 108 

1057537 

1009513 

1058538 

1006918 

1059539 

1004313 

1060541 

J001719 

1061544 

0999135 

1061J48 

0996541 

1063551 

0993948 

1064556 

0991355 

1065561 

0988763 

1066567 

0986170 

'O67574 

0983578 

1068581 

0980987 

1069588 

0978396 

1070596 

0975805 


0973114 

107161J 

0970614 

«0736l5 

0968034 

1074635 

0965445 

1075646 

0561856 

1076658 

0960167 

1077671 

0957679 

107K684 

0955090 

1079697 

0951503 


0949915 

108(716 

0947318 

1081741 

0944741 

10B3758 

0941155 

1D84774 

0939569 

IOBJ791 

09369B3 

1086809 

0934397 

■1087818 

0931811 

1088847 

0919117 

1089867 

0916643 

1090887 

0914059 

1091908 

0911475 

1091919 


1093951 

0916308 

1094974 


Tangents, and Secants. 


39 Degrees. 
M Sine. 


9 79887 

79918.16 
?9933!»4 
799495" 
7996.507 
7998o6» 
7999616 
8001169 

8004172 
8005813 
80o?3fi 


8otii?6 
8aii8r6 
8014.I5J 
80,, g^.. 


80^74 


80.15 roj 
8018168 


K"4V,i iC 
8o4Kafti 
SojojHj 
8051938 

80549.5' 
8056471 
80.57991 
805 J5 10 

8o6jto6o 
8065575 


8074646 
8076154 
80-7661 


9 8905 C16 
8904005 
8901979 
8901954 
89001(19 
8899903 
8858877 
8897850 
88968'ia 
8895794 
8894765 


*8!lC(i5 
88Sj479 
88(14444 
88S140K 
S8X1371 


8R;6l,)l 
8875101 
8S74C61 
8 8 7301 9 
8871977 
8875934 
8S65K90 


886i,a9 

88; 9420 
8'i.8370 . 


Tang. 


50 Degrees. 

Secant. M 


8>>5ii09 
8Bj:^oj5 
8851000 
8849945 
884F'-89 
884:S-,j 
884^.775 
8845717 
8844659 


5091440 
9094611 
909660.! 
9099185 

9104347 
9 '06917 
9109501 
9111087 
911466S 
9' 1714.5 
9119834 
911140,1 
9194981 
911-559 


91,7868 
9140444 
9(43010 
9145(96 
9'48l7l 

9I50747 

9'i,11i* 
915.: 896 
9'5847I 

9I6161S 


9'76.j83 
9'r9o;J 
9'8i6j7 
918^(98 
9186769 
91S9340 
9191911 
9194481 
9i9?6'l 
9IJ9621 

9:104760 
9107339 
9109898 
9142466 

9117601 
9WICI70 
9121737 


91 1; .a 


10.09I630B 

I0 1094P74 

lo.ioliiSi 

t>9'37V. 

'OW997 

1009712 

09>ti4 

1097011 

2008164 

0908560 

1098046 

1006606 

09059 7,-; 

1099071 

1005049 

096139- 

110OT97 

1003493 

09008 1;^ 


200.938 

08981.1. 

1101I5O 

1000384 

0895^,. ; 

I '03178 

199883' 

o89.,o7- 

1104106 

1997179 

0890491 

i^^s^is 

1995 '18 

08S79H 

1106264 

1994177 

08853,14 

I 107194 

199261K 

088175 ^- 

I 10831 i 

1991079 

OR80176 

1:09356 

1989531 

087759T 

11,0388 

19B7985 

f.875019 


1986439 

08,244 r 


1984894 

086986, 

1 1 1348 J 

198,1351 

0867186 

111451' 

I 98 I 808 

0864709 

"'J556 


0862131 

11:6591 

19:8714 

<s8.p556 

1:17618 

I977'84 

0856980 

1118665 

1975^45 

0854 4<'4 

I1I970J 

1974106 

08(1829 

1110740 

1972569 

08491 cl 

, ""77!> 

33 

0846678 

1111818 

96 

08l4t04 

1113858 

61 

0841519 

1114898 

18 

083895,- 

"1J939 

?■' 

8B36..81 

I1IO981 

^.i 

0833808 

11180S3 


08111,- 

1119.^66 

I 560301 

o82!!66i 

II'JOIIO 

1958772 

oSi6oPy 

i'3"54 

iwri« 

=853-17 

1131:99 

195571* 

OR 3094 T 

"3^44 

I954'«5 

08 181 71 

1134190 

1951614 

oSicRoj 

":!S337 

i«",59 

08l"i-;'ii 

uit^yH 

1949615 

o8Tc66r. 


194S091 

08:18089 

"3S481 

IP46< 70 

080^519 

"i9J30 

1945049 

080194') 

1140580 

1943518 

08001 7'> 

II41630 

1941009 

0-97809 

1141681 

1940490 

07P524- 

1143733 

I93?9;3 

079267, 

1144785 

1937456 

vxw. 

"458.? a 

1935940 

II4689I 

1934415 

o;8;966 

"47945 

1931911 

0781,198 

II49000 

1931393 

07798,1^ 

"J0OJ5 

:SS 

077716-: 

I'51'll 

077469^' 

1151168 

1916864 

o772iJf, 

II53"5 

1915354 

076956? 

"54183 

1913846 

^ 0766996 

»'5534l 

J9'i338 

07644,-'o 

1.156401 

19208,11 

,4o;6,B6j 

ii5746o 

I9WJ15 


A Tabic of Artificial Sines, 


40 Degrees. 

M Sines. 


3.8080675 

9.8841540 

SoSiiSo 

8841471; 

80836x4 

8S40418 

8085188 

88393J7 

8086490 

BB38194 

80B8191 

8837131 

8089691 

8836.6K 

80911^1 

8835104 

80^1691 

8834039. 

8094.89 

BB31974 

S09J686 

8831908 

8097181 

8830B41 

8098678 

.8819774 

8100 171 

8818706 

S101666 

8817638 

8103 1J9 

E8i6j68 

8104650 

881J499 

8106141 

B814418 

81076JI 

88»33J7 

81091x1 
8uo6oa 
8111096 

8811185 

8810140 

81.3583 

8819067 

811JO69 


81165J4 


8118038 


8119511 

S6 

81*1003 

J9 

B111484 


811396^ 

8811534 

S115444 

8810455 

81169*3 

B80937S 

8118401 

8S0K196 

8119878 

8807115 

8131J54 

8806134 

8l3i«i9 

88OJ051 

S 134303 

8K03970 

81357T7 

8801887 

8i37iio 

8801803 

8138711 

8800719 

8140191 

8799634 

8141661 

8798548 

8143131 

8797461 

8i44lioo 

8796375 

8146067 

8795187 

BM7i34 

8794199 

8.4S9IJ9 

87931 'o 

8J50464 

8791011 

81J1918 

30 

8153391 

40 

8154854 

(8 

8IJ6315 

!6 

8157776 

<^3 

8 15913 J 


8160694 

76 

81611J1 

81 

8163609 

86 

8165066 

?o 

8166J11 

8779994 

8167975 

8778896 

8169419 

8777799 


Tang. 


49 Degrees. 

Secant M 


9,9133135 
9140701 
9143166 
9145831 
9148396 
9150960 

91J35 '4 
9156088 
9158651 
. 9»6!1I5 
9163778 
9166341 
9168904 
9171466 
9174018 
91 7659-. 
9179151 
9181713 
9184174 
9^86835 
9189396 
9191956 
9194516 
9197076 
9199636 
930119J 
93047J5 
9307314 


931*661 
93>5"o 
9JI7777 
9330334 
93318(10 
9335446 
9S38003 
9S40J59 
9343114 
9345670 
9348115 
93J0780 
93J3335 
9355889 
9J58444 
9360998 
9363JJI 
93^6105 
9368659 
93711'! 
9373765 
9376318 
9378871 
93B1413 
9383975 
9386517 
9389079 
9391631 


0.0761865 
0759199 
07567,14 
0754169 
0751604 
0749040 
0746476 
0743911 
0741348 
073S?8j 
0736111 
0733659 
0731096 
0718534 
071597* 

071084S 
0718187 
0715716 
0713165 

0708044 
0705484 
0702914 
0700364 
0697805 
0695145 
069 16 86 
0690118 
0687569 
068501J 
0681453 
0679895 
0677338 
06747K0 
0671113 
0669666 
0667 1 10 


0656886 
0654330 
0651775 
0649110 
0646665 
0644111 
0641556 

063 6 44 B 
0633895 
C631341 
o6i8jB8 
06*6135 
0613681 

0618577 
0616015 
0613473 
06109*1 
, 060B369 


0.JI57460 
11585" 
1 159581 
1160643 

1161768 
116383* 


1171194 
1171361 
II 7343* 

1 1 755 71 

1176643 
1177715 
1178787 
1179860 
1180933 
J 181008 
1183081 
I 184 158 
1185134 
11863 1 1 
1187388 
1188466 
1189545 

1191704 
11917S5 
,,93866 
1194548 
1196030 
1 1971 13 
1198197 
Tt99^8i 
1100366 
1*01451 
11015JB 
1103615 
■ 1104713 
1105801 
l2o68flO 
I 1079 79 
1109070 

llliij* 
1*11344 
I1I3437 
1*14530 
1*15614 
1,16719 
1*17814 
1118910 


Tangents and Secants « 


41 Degrees. 

m Sine. 


Tang. 


S9 

48 Degrees, 

Secant. M 


o 

I 
% 

3 

4 

5 
6 

7 

9 

10 

II 

12 
13 
14 

x8 

19 

ao 

ai 

22 

23 
24 

aj 
a6 

a7 
28 

29 

30 
31 
3» 

33 
34 

36 
.37 
38 
39 
40 

41 

4a 
43 
44 
45 
46 

48 
49 
50 
51 
5^ 
5i 
54 
55 
56 

59 
^9 


9.8169429 
8170881 
8172334 ' 

8173785 i 
8175235 1 

8176685 ; 

8178135 ; 
8179581 } 
8181028 

8182474 
8183919 

8185364 
8186807 
818^250 
8189692 

8i9"33 
8192573 
8 I 9401 2 

8195450 
8196888 
8190325 
8199761 
8201196 
8202630 
8204063 
8205496 
8206927 
8208358 
8209788 
8211217 
8212646 

8214073 
8215500 

8216926 

8218351 

8219775 
8221198 

8222621 

8224042 
8225463 
8220883 

b2283C2 

8229721 

823II38 

8232555 

823397X 
8235386 

8236800 

823^213 
8-239626 

8241037 
8242448 

8243^38 

8243267 
82^16676 

8248083 
8249490 
825c8j>6 
8252301 

8253705 
8235109 I 


.8777799 
8776700 

8775601 

8774501 
8773401 
8772300 
8771198 
8770096 
8768993 
8767889 
8766785 
8765680 

8764574 
8763468 
8762361 
8761253 
8760145 
8759036 

87579*7 
8756816 

8755706 

8754594 
^8753482 

8752369 
875x256 

8750142 

8749027 

874791* 
8746795 

8745679 
8744561 

8743443 
8742325 
8741205, 

8740085 
8738965 
8737844 
8736722 

8735599 
8734476 
8733352 
8732227 
8731102 
8729976 
8728^49 
8727722 
8726594 
8725466 I 

8724337 
8723207 

8722076 
872C945 
8719813 
8718681 
8717548 
8716414. 

8715279 
8714144 
8713008 
8711872 
871073; 


9391631 
9394182 

9396733 
9399284 

9401835 

9404385 
9406936 

9409486 

9412036 

9414585 

9417135 
9419684 

9422233 

9424782 

9427331 
9429879 
9432428 
9434976 

9437524 
9440072 
9442619 
9445166 

54477M 
9450261 

9452807 

9455354 
9457POO 
9460447 
9462993 

9465539 
9468084 

9470630 

9473175 
9475720 
9478265 
9480810 

9483355 
9485899 

9488443 
9490987 

949353^ 
9496075 
9498619 
9501162 

9506248 
9508791 

95^^334 
9513^76 

951 4}9 
9518961 

95*1503 

9524045 
9526387 

9529128 

9531670 

953421 I 

9536752 

9539*93 
9541834 
954437 A 


10 0608369 
0605818 
0603267 
0600716 
0598165 

0595615 
0593064 

0590514 
0587964 

0585415 
0582865 
0580316 

0577767 
0575218 

0572669 

05 701 2 I 

0567572 
0565024 
0562476 
0559928 

0557381 

0554834 

. 0552286 

0549739 
0547193 
0544646 

0542100 

0539553 

0537007 

0534461 
O53I916 

■0529370 
0526825 
0524280 

0521735 
O5I9I9O 

051664s 
0514101 

O5II557 

• 0509013 

05064^9 

0503925 
O5OI30I 
0498838 
0496295 
0493752 
0491209 
0488666 
0480124 
C483581 

Oif8i039 
0478497 

04759^5 

0473413 

0470872 

0468330 

0465789 

0^6324^ 

0460707 

0458166 

0455626 


10 


.I22220I 
1223300 

1224399 

1225499 
1226599 

1227700 
1228802 
1229904 
1231007 
1232111 

I233215 
1234320 
1235426 
1236532 
1237639 

1238747 

1239855 
1240964 

1242073 
I 243 I 84 
1244294 
1245406 
1246518 
I24763I 
1248744 
1249858 
1250973 
1252088 
1253205 
I25432I 

1255439 
1256557 

1257675} 
1258795 I 

12599x51 
I261035 } 

1^62156 

1263278 

1264401 

1265524 

1266648 

1267773 

1268898 

1270024 

1271151 

1272278- 

1273406 

1274534 
1275663 
1276793 
12779^4 

1279055 
I26O187 

I2813I9 

1282452 

1283586 

1284721 

1285856 

1286992 

I288128 

1289265 


10. 1 8305 7 1 

I 8291 18 
1827666 
18262I5 
1824765 
18233I5 
1821867 
I 820419 
1818172 
I817526 
I816081 
1814636 
1813193 
I8II75O 
1810308 
1808867 
1807427 
1805988 
1804550 
1803112 
1801675 
1800239 
1798804 
1797370 

1795937 
1794504 

1793073 
1791642 

1790212 
1788783 
1787354 
1-85927 
1784500 

i'783074 
1781649 
1780225 
1778802 

1777379 
1779758 

1774537 

^ I773XX7 
1771698 

1770279 
1768862 

1767445 
1766029 

1764614 
1763200 
1761787 

1760374 
1758963 

1757552 
1756142 

1754733 

1753324 

175x9x7 
1750510 

1749104 

1747699 

1746295 

1744891 


69 

59 
58 
57 
56 
55 
54 
S3 
52 
51 
50 

49 
48 
47 
46 

45 
44 

43 
42 
41 
40 

3^ 

3% 

31. 

36 

35 
34 
.33 
5» 
31 
30 
29 
28 

27 
^(* 

^5 
24 

23 

22 

21 

20 

1X9 
'18 

17 
16 

15 
X4 

13 
12 
II 
IQ 

9 
8 

6 
7 
5 
4 
3 
• i 

1 
o 


vm 


I 


A Table of Artificul Sines, 


42 Degrees. 



47 

Degrees. 

M 

Sine. Tang 


.Vcan. , 

M 

~ 

.glJjJ09 9.8716735 r9,9J44374 t 

0.0455616 

6.1189165 

io.i7«4«9> 

tb 


g2j6j)i| 87091971 

9546915 

0453085 

H90403 

f 7434^8 

^i 


87oi4j8 

9549455 

0450545 

1191541 

174108 J 

5S 

3 

87075 9' 

955 '995 

0448005 

1291681 

1740686 

5? 

4 

%70f>l7g 

9ii4J35 

O445465 

119381. 

1739185 

Si 

5 

S7CJO3? 

955 wj 

04419S5 

119496, 

i7378aA 

Si 

6 

870ja9a 

9JJ9SIJ 

0440,585 

I196101 

1736488 

54 

7 

8,oi;j6 

9J6iiJ4 

0437546 

1197144 

1735090 

53 

t 

8701613 

9564694 

04,'55'=6 

ii983i>7 

1733693 

5» 

9 

""-■TO 

9567133 

0431767 

'»99530 

1731197 

5( 

»Q 

l6 

9569771 

043Oi!g 

1300ft 74 

1730901 

5" 


u 

95 7 IJII 

04IT6S9 

I301818 

1719507 

^5 

ii 

!7 

9574850 

0415 J50 

1301963 


4! 

13 

)' 

9577389 

041161X 

1304109 

1716711 ,45 


t* 

95 7^9»7 

O4I0673 

1305156 

1715319] 46 

15 

*7 

95S1465 

0417535 

1306403 

1:13937; 4! 

16 

49 

958500^ 

P414936 

1307551 

1711547 ; f 

17 


958754? 


I30B699 

1711157 4: 

jS 

86i)oiji 

9590080 

0409910 

1309848 

1719769 41 

19 

8filJ9oc2 

959161P 

0407181 

1310998 

1718381(41 

«o 

8fi878ii 

9595155 

P404845 

1311149 

1710994 

40 

»i 

86S67(io 

9597693 

04013^7 

1313300 

I715607 


a> 

86KJ548 

y6ioi3P 

ojy9770 

1314451 


3 

33 

8684396 

9601767 

039713* 

1315604 

i;'iS37 

3 

04 

868,1141 

9605305 

0393965 

1316758 

171.453 

3 

ai 

S68io88 

9607841 

0391158 

13179" 

1 710070 

3j 

«J 

86B0934 

9610378 

0389611 

lj.9066 

1708688 

3 

17 

8579779 

96U915 

0387085 

1310111 

1707306 

3 

»8 

8678623 

96;545i 

0384548 

13S1377 

I70J91J 

3 

«9 

8677466 

96,7588 

0381.11 

I311534 

1704546 

3 

30 

8676309 

9610515 

0379475 

I313691 

1703167 

3 

3' 

867JIJI 

9613061 

0376939 

1314849 

1701788 

1 

SI 


9615597 

0374403 

1316008 


1 


53 

961S133 

0371867 

13S7167 

1699034 


34 

73 

9630669 

036933' 

1 J 1831: 

1697658 


31 


96i3»C4 

03667^6 

1311.488 

1696183 


36 

f 

9*35740 

0364100 

1330649 

1694909 


37 

89 

9630175 

0361715 

.33181, 

1693536 


38 


96408H 

0359189 

>33»974 

i69=.j63 


% 

8665863 

9643346 

0356654 

133413; 

169079, 


8664699 

96458^1 

0354119 

1335301 

1689410 
,68S05O 

1 

4< 

8663134 

9648416 

035 J 5 84 

I336h6u 



8661^69 

9^50951 

0349049 

i,'Jf63i 

1686680 


il3 

S6«li03 

9653486 

0346514 

'338797 

1685312 


44 

8660036 

9656010 

0343^80 

1339964 

1683944 


4J 

8658868 

9658555 

0341441 

1341131 

16SIJ77 


46 

86J770O 

9661069 

P.538yu 

ii,i30o 

i68[iii 


47 

«j6j3i 

96636J3 

^33 "5 7 7 

1343463 

1679845 


4ti 

8f3i36i 

9666,(7 

0333-'i3 

.34-1638 

I67t48i 



86J4I9' 

966g6ji 

0.131308 

1345808 

1677117 



85531=11 

9671115 

0318775 

1346979 

1675754 



K651S49 

9673759 

QJl6l4t 

134815 

1674391 



8650677 

9*76193 

P3»J707 

1349313 

1673030 

1 


864W04 

9678817 

o.iiii;3 

..5i049S 

l6;.66i, 

t 


86483,1 r 

96*1360 

031S64O 

1.55r66ji 

1670309 j 

SS 

8647 Ijrt 

96^3893 

0316107 

1331844 

l«.K9,o I 

j6 

8645981 

96S6417 

0313573 

13540-9 

1667592 1 

a? 

8044i!=6 

9688960 

03 1 1040 

1355 194 

1066234 

5S 

II64361; 

4,691493 

0308507 

1.550371 

166487U 

l!» 

86414J2 

J69^ci6 

0305974 

1357548 

166 15 11 1 

f° 

864ia7J 

9696559 

PJOJ44I 

1358715 

1661167 



Tangents, and Secanti. 


43 Degrees. 


Sine. 


Tang. 


46 Degrees. 

Secant. M 


B34ISSI4 
1I34J146 
B344J97 
*>31J948 
&347197 
8348646 
a34?994 

b33i6g8 
BJi4033 
8J5JJ78 
B3i67ii 
8358066 
S3JJ1408 
&3607J0 
!t36loji 
8363431 
S3*177I 
1136610^ 
UJ67447 
^368784 

»3;oiii 

»37I4j6 
8j?i79I 
8J74I1J 
83(MJ8 
B3767yo 

*37y453 
b3B07)i3 
83aiiii 
*.fj44I, 

838^6 
^3^7411 
8388747 
83^73 
63^1(3516 
a3jPi7l9 
a.5^4C4i 

hji/uo84; 
b3SiHoo4 
8400641 
S4?'WV 
(J4O3I76 


841^ ^ 


K4071I3 
8408.! 3 7 
8401)8 ;o 
K411162 
8411474 

UkvSs 

8415093 
84164c 
841 771 


4164C4 


' B641173 
864001)6 
8638917 
8637737 
8536JJ7 
863J376 
8634194 
8633c.11 
86318*8 
863064* 
8619460 
S6l)i274 
S6i7o8ij 
8615901 
8614714 
86i3Ji6 
8611338 
S611148 

8618767 
8617^76 
8616383 
8615190 
86n997 
86ti8o3 
8611608 
E610411 
86091 I J 
8608018 
8606811 
86OJ611 
8604413 
8603113 
8601011 
8600811 
8599619 
859ii4i6 
8597"3 
8590009 
8594804 
8J9JJ99 


858171;! 
8581505 
■8;Soi9i 
857^078 
8577863 
8576648 
857543: 
85 741 ij 
837:998 
85 7" 7 79 
8570561 
856934J 


■9- 96*6159 
961)9091 

9704157 
97066J9 
9709111 
97"754 
97141^6 
9716B18 
9719350 
9711881 
9714413 
9716945 
P729477 
9731008 
9734539 
9737071 
9739*01 
974*133 
9744664 
9 747 '95 
9743716 
9751157 
9754787 
9757318 
97511849 
9761379 
9764909 
9767440 
9769ii70 
9772500 
9775030 
977756a 
9780090 
9781610 
9385149 
9787679 
9790109 
979173H 
P 795 168 
9797797 
9800316 
SP801856 
9S0538J 
9807914 
981C443 
981197: 
9815501 
9818030 
9810559 
9B13087 
9E15616 
9318145 
9830673 
9833101 
9335730 
9838159 
9840787 
9843315 
984.5844 
^848371 


1 0303441 
0303909 
0198370 
0195843 
01933" 
0:90779 


018065c 
0178118 
0175587 
017305J 
0170513 
01679^1 
0165461 
0161919 
016039s 
0157867 
01JJ336 

0150174 
0*47743 
■ Q1451'3 

014015 I 
0137611 
OIJ509I 
0131560 
0130030 
0117500 
0114D70 

0II9910 

0114S51 
0111311 
0109791 
0107161 
0104731 
010I103 
0199674 
0197144 
OI94615 
0191086 
oiK()557 
0187018 
0184499 
0179441 


017.B55 
0169317 
0166798 

0159113 


156685 


IJ5871J 

10.16611G7 

1359904 

1660811 

1361083 

1659459 

1361163 

1658106 

•363443 

1656754 

1364614 

1655403 

1365806 

1654051 

1366989 

1651703 

1368171 

165^354 

1369356 

1650006 

1370540 

16486.9 

1371716 

16473" 

1371911 

1645967 

1374098 

1644611 

1375186 

1643*78 

1376474 

1 ''41934 

1377661 

1640591 

'J78851 

1639150 

1380041 

1637909 

I38I133 

1636569 

1381414 

1635*19 

1383017 

.633891 

1384810 

1631JJ3 

I J 86003 

1631116 

1387197 

1619879 

(38839* 

1618544 

■389588 

1617109 

I3907S5 

1615875 

1391981 

1614541 

1393179 

1613110 

'394378 

1611878 

'39J5 77 

1610547 

'396777 

1619117 

?3;7978 

J 617888 

'3y9'79 

1616559 

I400381 

1615131 

140(584 

1613904 

1401787 

1611578 

1403991 

161.153 

4405196 

.609918 

I 406401 

1608604 

1407607 

l6o;t8l 

1408814 

1605959 

1410011 

1604637 

'4II130 

1603316 

1411439 

1601996 

I413649 

1600677 

14'4859 

1599 JJ 8 

1416071 

1598041 

.41718* 

1596714 

141S495 

1595407 

'419708 

1594091 

^10911 

1591777 

l*S"37 

(591463 

1413351 

1590150 

'414568 

(588838 

'415785 

1587516 

'417001 

1588115 

UiSui 

1584905 

1419439 

1583596 

I4306J9 

158118; 


A Table of Artificial Sines, &c. 


M 

[.Degrees. 



45 

Degrees; 

M 

Sin. 


T»«g 


Secant. 

M 

~" 

9.8417713 

9. 

9. 9848371 

100151618 

10 1430659 

10.15 811B7 

6^ 


84 1901 I 


,8- ->o 

0149100 

1431879 

1580979 

59 


841^18 


98 18 

0146571 

1433100 

1579671 

5! 


8411634 


9! ;6 

0144044 

143'3" 

1578366 

57 


S411939 


98 U 

0141516 

1435545 

1577061 i5(i 


8414M4 


9i ,1 

01389B8 

1436768 

1575756.55 

i 

8415548 


9i .0 

0136460 

143 7991 

•574451 54 


84*S8ji 


9( ;g 

0133931 

1439116 

1573149 53 

I 

t4>S'54 


9* *6 

0131404 

1440442 

'571846 51 

9 

841945^ 


9*, 13 

0118877 

I441668 

1570544 51 

8430757 


9873651 

0126349 

144i«94 

1569143 50 


843KIJ7 


9S76179 

0113821 


1567^3 '. 49 


843335'' 


9878706 

0121194 

1445350 

1566644 4* 

'i 

8434655 


9S81134 

o.i8;66 

1446579 

1565345 47 

8435953 

i'ss'^if^ 

988376. 

0116239 

.447E08 

1564047 : 46 


8437150 

S550961 

98;j4i89 

OJ13711 

i44'?o39 

'561750 1 45 

A 

843S547 

854^750 

9888816 

0.11184 

1450170 

1561453 44 


8439^41 

8J484W 

9891344 

0.08656 

145 1501 

*^'^l^} 

43 

i8 

8441157 

8547166 

9893871 

0.06.29 

1451734 

155BB63 


19 

8441431 

8J460JJ 

9S96399 

0103601 

1455967 

1557568 

41 


8443 ?«5 

8544799 

9898916 



'556175 



844501 s 

8j 43564 

99°' 453 

0098547 

1456436 

1554981 

H 


8446J10 

854»3iy 

9903981 

0096019 

J45767' 

1553690 

JS 


8447601 

8541093 

9906508 

0093491 

1458907 

1551399 

H 


8448891 

8559856 

9909035 

0090965 

1460.44 

1551109 

36 

>5 

*6 

S45eiBl 

SJ3K6I9 

9911562 

0088438 

1461381 

1549819 

35 

8451470 

8537381 

9914089 

0085911 

1461619 

I54B530 

34 

5 

8451758 

8536141 

9916616 

0083384 

1463858 

1547141 

33 

8454045 

8534901 

9919 143 

0080857 

1465098 

'5«J55 

31 

49 
30 


8533661 

9911670 

0078330 

1466338 

1544668 

31 

8456618 

853*411 

9924197 

0075803 

1467579 

1543381 

JO 

8457903 

8531179 

9916714 

0073176 

1468811 

1541097 

1 

3» 
33 
34 
35 
36 

il 

39 

8459188 

8519936 

991915' 

0070749 

1470064 

1540811 

iS 

84604;! 

85186.^3 

9931778 

0068111 

1471307 

1539J1? 



8327449 

9934305 

0065695 

1471551 

1538146 

16 

56 

8516104 

9936S31 

0063168 

1473796 

1(361)64 

15 


8514959 

9939359 

0060641 

1475041 

1535681 

14 

>9 

B51J713 

994ibB6 

0058114 

1476187 

1534401 

13 


ii5ii4W 

9944413 

0055587 

1477534 

i533'ii 


!« 

Si 11 1.8 

9946940 

D053060 

147B781 

1531841 


- . . .J6 

8519970 

9949466 

0050534 

1480030 

I53''564 




8j.8!ii 

9951993 

0048007 

1481179 

1519186 

'% 

43 

AS 
46 
47 
48 

847199' 

85 174 71 

995451° 

0045480 

1481519 

1518009 

iS 

8«7ja67 


9957047 

0041953 

14S3780 

1516733 

]l 

8174545 

8514969 

9iJl9J73 

0040427 

1485031 

1515457 


84?58i7 

£513717 

9562.00 

0037900 

1486183 

15I4183 

15 

8477091 

8511465 

9964617 

0035373 

1487535 

1511909 


S47B36J 


9967154 

0032846 

14S8789 

JJI1635 

I^ 

84796.1 r 

85C9ffS7 

9969680 

0030320 

1490043 

1510363 


49 

JO 

51 

84SQ909 

g.( 08702 

997110: 

OCJ7793 

1491198 

15.9091 


8482180 

8^07446 

9974 f 34 

0015166 

I49I554 

1517810 


84 1*3450 


91-77160 

0011740 

1493810 

15 '6550 

1 

84M47'20 

8504933 

9979787 


1495067 

15 '5 180 

8 

53 

848^9^9 

8503075 

99>'l3i4 

00.7686 

1496315 

1514011 

I 

848;tj7 

KjCMi? 

99»4Mjo 

00M160 

1497585 

1511743 



84KR51* 

8501157 

9'J"7.;67 

0011633 

1498843 

1511476 



84''y7i)r 

84i)9'>y7 

9:J89«9.- 


1500103 

1510109 



S491057 

B49S6J7 

99914W 

00075 So 

1501363 

Hf^lll 


58 

84il2j" 

84973:5 

9991947 

000J053 

1501625 




84935^6 

8496115 

9997473 


15038B7 

1506414 


60 

84y43jO 

8454850 


coooooo 

IjOJIJO 

1505150 
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NATURAL SINES. 
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A Table of Natural 5ines 


itl O Deg. SpDeg. i Deg. 88Dcg. 2 Deg. gyDeg. 3 Deg. 86 Deg. 


M 


o 

I 
1 

3 

4 

6 

7 
8 

9 

10 

II 

13 

13 

14 

15 
16 

17 
18 

20 
21 

aj 

26 

27 
28 
29 

30 
31 
3» 
33 
34 
35 
36 
37 
38 

39 

40 

41 
4» 
43 

44 

45 
46 

47 
48 

49 
50 
51 
5» 
53 
54 
5; 
56 
57 
/8 
5J> 
60 


0.000 

87*7 
11,636 

14544 

17 453 
20362 

23271 
26180 
29085^ 

31998 
34906 

37815 
40724 

43633 
4654a 

49451 
51360 
55 »68 

58177 
61086 

63995 
66904 

69813 

72721 

75630 

78539 
81448 

84357 
87265 

90174 
93083 

95 99* 
98900 

loi 809 

104 718 
107 627 

110535 
113 444 

H6353 
I19 261 

122 170 

125 079 

127987 
130 896^ 

133805 

136 713 
139 622 

142 530 

145 439 
148 348 
151*56 
154 165 

157073 
159982 
162 890 

165 799 
168 707 
171 616 
174 5M 


lOOOOOOO 

9999 996 

- 998 
996 

993 

989 
984 
979 
973 
966 

958. 
949 

93? 
928 

917 

905 
892 

878 
863 
847 
831 
813 
795 
^76 
756 
736 

713 
691 

^68 

644 
619 

593 
566 

S%9 
5" 
482 

452 

421 

389 

357 

323 
289 

a54 
218 
181 

143 
104 

065 

025 

9998 984 

8942 
8899 

8855 
8811 
8766 
87*0 
8673 
8625 

8577 

8.527 


174524 
177432 
180 341 
183 249 
1^6158 
189066 

191 974 
194 885 
197 791 
200699 
203 608 
206516 
209 424 
212332 
215 241 
218 149 
221057 
223 965 
226 873 
229 781 
232690 

235598 
238506 

241 414 
244322 
247*30 
250138 
253046 

'^ss 954 

258862 
261 769 
264677 
267585 

270493 
273401 
276 309 
279216 
282124 
285 032 

287940 
a9d847 

293 755 
296 662 

299570 

302478 

305 385 
308 2^3 
311 200 
314 108 

3^7015 
319 922 

322 830 

3*5 737 
328 644 

331 SS'^ 
334 459 
337 366 
340 *73 
343 181 
346 c88 


8 47 71 348 995 


9998 477 
8426 

8374 
8321 

8*67 
8213 

8157 
8 loi 
8044 
7986 

7 9*7 
7867 

7807 

7 745 
7683 
7 620 

7556 

7491 
7426 

7360 

7 292 

7**4 
7156 
7086 

7C15 

6943 
6871 

6798 
6724 
6649 

6573 
6497 
6419 
6341 
6 262 

6J101 

5020 

5S>37 
5854 

5770 
5684 

5599 
5512 

5424 

5336 

5*47 

5157 
5066 

4 974 
4881 
4788 

4693 
4 5^8 

4502 

4405 
4308 
4209 
4110 
4009 
i9c8 


348.995 

9993.908 

523360 

9986 295 

60 

351902 

93806 

526 264 

86143 S9 

354809 

93704 

529169 

8? 9'^9 .58 

357716 

93600 

53*074 

85835 57 

360 623 

93 495 

534 97y 

85 680 56 

363530 

9.1 390 

537883 

855*4 ss 

366437 

93284 

540 788 

85 367 54 

369 344- 

93177 

543 693 

85 2C9 SZ 

372251 

93069 

546597 

, 85650 52 

375 158 

92960 

549502 

84891 51 

37&065 

9*851 

55*406 

84731 50 

380971 

92740 

SSS'h'i''^ 

84570 49 

383873 

92629 

558215 

84 408 48 . 

386 785 

9*517 

561 119 

84245 47 

389692 

92404 

56402^ 

566928 

84081 46 

39* 598 

92 290 

83 917 : 45 

395 505 

92 176 

569 832 

83 75I 44 

398 411 

92060 

57*736 

83 585 i 43 

401 318 

91944 

575640 

83418 ,4* 

404224 

91827 

578*544 

83 250 i 41 • 

407131 

91709 

581448 

83082 40 

410037 

91590 

584 IS'^ 

82912 

^l 

412944 

91470 

587*56 

82 742 

38 

415 850 

91350 

590160 

82570 

3/ 

418757 

91 228 

593064 

82398 

36 

421 663 

91 106 

595 967 

82 225 

3i 

424569 

90983 

598871 

82052 

34 

4*7475 

90859 

601775 

81877 

33 

430382 

9<>734 

604678 

81 701 

3* 

433 288 

90609 

607582 

81525 

31 

436 194 

90482 

610485 

81J48 

30 

439100 

90355 

613389 

81 170 

H 

442006 

90227 

616 292 

86991 

28 

44491* 

90098 

'619196 

80 811 

27 

447818 

89968 

622099 

80631 

26 

450724 

89837 

625003 

80 450 

*5 

453 630 

89706 

627 905 

' 80267 

24 

456536 

89573 

630 808 

80084 

*3 

459/^42 

89440 

633711 

79900 

22 

462347 

89 306 

636 614 

' 79716 

21 

465253 

89171 

639517 

^ 7y530 

20 

468 159 

89035 

642 420 

79 343 

^9 

471065 

88899 

645 323 

79156 

18 

473970 

8^761 

648 226 

78968 

17 

476876 

88623 

651 129 

78779 

16 

479 781 

88484 

654031 

78589 

t 

4826^ 

88344 

656034 

78-399 

48559* 

88203 

659 ^■}>(> 

78 207 

13 

488498 

88061 

662 739 

78015 

12 

491403 

87919 

665 641 

77821 

ir 

494308 

87775 

668544 

77627 

10 

497*14 

87651 

671 446 

77 433 

9 

50011^ 

87486 

674 349 

77 237 

8 

503024 

87340 

677251 

77040 

7 

5059*9 

87194 

680153 

76843 

6 

508 835 

87046 

683055 

76645 

5 

511740 

86898 

685957 

76445 

4 

5i4 64jf 

86748 

688859 

76 245 

3 

517550 

86598 

691 761 

76045 

* 

52045s 

86447 

694 663. 

75843! I 

523 360 

86295 

<^9U^5 

75641 

i 


•^»- 


A Table of Natural Sines J 

M' 4 Dcg. 85Deg. 5 D^g. 8'4Deg. 6 Dcg. 83 Dcg. 7Deg. S^Deg 


.0 

I 

3 

4 

5 
6 

7 
8 

9 

10 

xz 

12 

13 
14 
15 

x6 

17 
x8 

J§ 

21 

a% 

a3 

«4 

«5 
26 

27 
a8 

29 

30 
3* 

34 
33 
34 
35 
36 
37 
38 

39 

40 

41 

42 
43 
44 
45 
46 

^47 
48 

49 

50 

51 

52 
53 
54 
55 
56 

57 
58 
59 


697-565 
700467 

703 368 
706470 
709 171 

7i«073 

7x4974 
717876 
720777 
723 678 
726580 
729 481 
732 382 
735 483 
738 184 
741 085 

743 986 
746887 

749 787 
752688 

755 589 
758489 
761 390 

764 290 
767 190 
770091 
772 991 
775891 

778 791 
781 691 

784591 
787491 
790391 

793 290 
796190 
799090 
801 989 
804889 
807 788 
810687 

813587 
816486 

819385 
822 284 
825 183 
828082 
830981 
833 880 
M778 
839677 
842576 

M5 474 

848373 

851 271 

854 169 
857067 

859 966 
862 864 
865 762 
868 660 

87J557 


9975 641 
75 437 
75»33 
75028 

74822 

74615 
74408 

74199 
73990 

73780 

73569 

73 357 

73145 

7»93i 

72717 
72502 

72286 

72069 

71 851 
,71633 

71 413 
71 193 
70972 
70750 
70528 

70304 
70080 
69854 
69628 
69 401 
69173 

68945 

68715 
68485 

68254 

68022 

67789 

67 555 
67321 

67085 

66849 

66612 

66374 
66135 

65895 
65655 
65414 
65172 
64929 
64685 
64440 

64195 
63948 

63 701 

63453 
63204 

62954 

62704 

62452 
62^100 
61 947 1 


871-557 
874 455 
877 ^53 
880251 
883 148 
886046 
888 943 
891 840 

894 733 

897 ^35 
900532 

903 429 
9C6326 
909 223 
912 119 
915 016 
917913 
920809 
923 706 
926602 

929499 
932395 

935 291 
938187 
941 083 

943 979 
946875 

949771 
952 66d 

955 562 
959458 

961 353 
964 248 
967 144 

970039 

972934 
975 829 

978 724 
981 619 

984514 
987 408 

990303 

993 197 
996092 
998986 
looi 88i 
1004 775 
1007 669 
loio 563 

1013457 
IOI635I 
IOI9 245 

1022 138 
1025 032 
1027 925 
IC30819 
1033 712 
IC36 605 

1039499 
1042 392 

XO45 285 


9961.947 
61693 

61438 
61 183 
60926 
60669 
604IX 
60152 
59892 
59631 
59370 
59107 

58844 
58580 

58315 
58049 

57783 
57515 
57247 
56978 
56 708 

56437 

5^^(>5 
55893 
55 620 

55 345 
55070 

54795 
54518 

54240 

53962 
53683 

53403 
53 122 
52840 

52557 
52274 
51990 
51705 

51 419 
51 J32 

50844 
50556 
50266 
49976 

49685 

49393 
4910X 
4b 807 

48513 
48217 

47921 
47625 

47327 
47028 

46729 
46428 
46 127 
45825 
45523 

45 2Jf9 
G 


1045.285 
1048 178 
1051070, 

1053 963 -: 
1056856 
1059 748 
1062 641 
1065 533 
1068 425 
1071318 

1074 2IO 
1077 102 
1079994 
1082 885 
1085 777 

to88 669 
1091 560 
1094452 

1097 343 
1 100 234 
1 103 126 
1 106 017 
1 108 908 
nil 799 
1114689 
1117580 

1 120 471 
1123 361 
II 26 252 
1 1 29 142 
1132032 
1134922 
1x37812 
II 40 762 

1143 592 
1 146 482 

1149372 
1152261 

1 155 151 
1 15 8 040 

1 1 60 929 

1163818 

1166707 
1169596 

^172485 

1175374 
1178263 

1181 151 
1 1 84 040 
jib6 928 
1189816 
1x92 704 

1195593 
119848J 
1201 368 
1204 256 
1207 144 

I2I<j»03I 

I2I29I9 

1 2 15 806 

12X8 6^3 


9945.219 

44914 
44609 

44303 
43996 
43 688 

43 379 
43070 

42760 

42448 

42136 

41823 

4x510 

41195 
40880 

40563 
40246 
39928 
~ 39610 
39290 
38969 
38648 
38326 
38003 

37679 
37355 
37029 

36703 
36375 
36047 
35719 
35389 
35058 

34727 

34 395 
34062 

33728 

33 393 

33057 

32721 

32384 

32045 
31706 

31367 
31026 

30685 
3C>^42 
29 999 

?9 655 
29310 

28965 

a86i8 

. 28 271 

27922 

27573 
27224 

26873 
2652X 
26169 
25810 
25462 


X218.693 
1221581 
1224468 

1227 355 
1230241 

1233 128; 
X236015 I 
X238 90X 
1241788. 

X244674 
X247560 

1250446 
1253 332 
12502x8 
1259 X04 
1261 990 
1264875. 
1267 76X I 
1270646' 

1273531; 
1276416; 

1279 302 j 

1282 186 i 

1285 07 X ! 
1287 956 
1290 84X 

X293 725 
[296609 

X 299 494 

X302378 
X305 262 
J308 X46 
X3XX030; 

X3139I3' 

1316 797 i 

X31968X ; 
1322564 

13254471 
1328330: 

133^ 213 j 
X334096! 

1336979! 
1339862; 

X342 744 ; 
1345 627 j 
1348509 

1351392 
1354274 

i357J5^ 
1360038 

1362919 
1365 801 

1368683 

1371564 

1374445 

1377327 
1380208 

1383089 
1385970 
1388850 

139173X1 


9925.462 
25:107 

24751 

24394 

24037 
23679 

23319 
22959 

22599 

22237 

2x874 

2X5XX 

2XX47 
20782 
204x6 
20049 
X9682 

19 314 
X8944 
X8574 

18204 

X7832 

17459 
X7086 

^167x2 

X6337 
X596X 

15584 

X5206 

X4828 

14449 
X4069 

X3688 

13306 
12923 
12540 

12X55 

XI 770 
XX 384 

X0997 

xo6xo 

X0 22X 

09 832 

09442 
0905X 
08659 
08 266 

07873 
07478 
07083 

06687 

06 290 

05893 
05494 
05095 

04694 

04293 
03891 
03489 
03085 
026S1 


65* 

M 

60 

59 
58 
57 
56 
55 
54 
53 
5» 
51 
50 

48 

47 
46 

45 
44 
43 
42 

4X 
40 

39 
38 
37 
36 

3S 
34 
33 
32 
31 
30 

29 
28 

27 
26. 

25 
24 

23 

22 
2X 

20 

'I 

7 

[6 

^5 

:4 

'3 

\% 

I 

[O 

9 
8 

7 
6 

5 

4 
3 

% 

O 


66 


A Tiblc of Katdral Sines. 


** 19 Deg. 8| Deg. 9 Deg. So Deg. loDeg. 79Deg. ii D«g. yS D*g M 


, 

39»-73»,9'yOi.68( I 

564.343 9876.B83 

73648: 984»0'8 

908090, tWl6.272i 

IJ94611 ns Ii67ili 98764»K | 

739346 

8*7571 ■1910945 9815 716 


39!49» {69 IJ7009I 987197^ 


S47066 .1913801 9815160 


400371 i6i lipiDl^S 98;jjl4 

743075 

846538 ,1916656 

98 U 603 


40J>3a \(5: 1575636. 9'<7.toj7 

747 939 
750803 

S46050 ; 1919510 

9814 D4J 


406131 546; i,w8 708; 9874^1^8 

;H4J341 1911365 

9^13 4»6 


409011 137, ijsi 581:9874 138 

753667 

9845 031 

1915 110 

9811927 


41189; Bi6,i5344.!3;9E73''78 

756531 

9844311 

1928074 

9811366 


41477: 41311J8731J 987311'' 

739375 

9844010 

1930928 

9S11 805 

■ 

4i;6i: 003I IJ90197 [9871754 

762158 

9843 4 jS 

1933 781 

9811*43 


410 j3 5*0' IJ93069 987* 19> 

765 111 

9842983 

1936636 

9810680 


I4S3 4" 177 13959*0 9*71817 

767 91*4 

9841471 

1939490 

9810 116 


i4i6»K 761 ii9B8ii,9)i7i3Si 

770847 

5.341936 

1941 344 

&lil 

3 

1419 'i5 347l'l>or683 9870897 


9841441 

1945197 


143104 931 

1604533 ;987u43i 

^776573 

9840924 

1948050 

98084*0 


1434 9» J>4 
14378° '096 

1607416 9869964 

'779433 

^840 407 

1950903 

9807853 


l6toi97 9869496I 

1781 29E 

;839 8S9 

1933736 

9SC7 185 


r44o6B 677 

1613 167 

9869017 

1785160 


1956609 

;8o6 7i6 


1443 i* 158 

1616018 

9K68557 

1788022 

;838"850 

1959461 

9806147 

9 

I4a6*A i8j8 

1618 909 

9868087 

1790 S84 

9838 330 

1962314 

9-105 576 


1449 3' 1416 

1611 779 

9867615 

1793 746 

9837808 

1965 166 

9805005 


l4JIIi i9)4 

1614 650 

9B67 143 

1796607 

9837 186 

19680,8 

9804433 


14J30; ^s^^ 

1627520 

9866670 

1799469 

'>836 763 

1970870 

9803 860 

3 

I4J7 9J i>48 
146=8, t7t3 

1630 39° 

9866 196 

1802330 

98.16239 

1973 712 

pBo3 286 


1633160 

9865721 


9835 715 

1976573 


le 

14637' 1198 

1636 129 

9865 146 

Ig^Bo52 

9831189 

1979415 

9802 136 


14665; 1871 

;s;is 

9864770 

1810 913 

9834663 

19S1276 


17 

14694' I4*i 

9864193 

1813774 

9*34 136 

1985 117 


iS 

14713 I017 

1644 738 

98638(5 

181663J 

9833608 

19S7978 

9800405 

89 

I47J1 3388 

1647 607 

9863 336 

1819 4W 

9833 079 

1990829 

0799827 
9799 147 

30 

14780 D1J9 

1650476 

9862836 

1812335 

9831549 

1993679 

3* 

14809 971B 

1653 345 

9862373 

1825 213 

9831019 

1996530 

9798667 

31 

14838 9*97 

1656214 

9861 8^4 

182B075 

9831 4'!7 

1999380 

979B086 

33 

14867 8 85j 

1639081 

9B6.41. 

1830935 

9830955 

1002230 

9797504 

3* 

14896 8 4.31 

166 1 951 

9860919 

1833 793 

9430411 

2005 oSo 

9796921 

H 

149»4.. ,, 7 99'» 

1664819 

9860445 

1836634 

9S29888 

1007 930 

9796337 

.16 

1493333:9887364 

1667 6»7 

9859960 

1839514 

9829333 

.010779 

9793 7J1 

H 

1498230 

9:^87 118 

1670336 

9859473 

1841373 

9818818 

2013629 

5795167 

38 

1501 iq6 

98^6 691 

1673413 

9838988 

1E45 231 

9828282 

2016478 

9794381 

39 

IJO398' 

9S86 13J 

1676291 

9838501 

1848091 

9817 744 

2019 3*7 

9793994 

40 

1506837 

9883817 

1679 139 

9838013 


;8l7 106 

202*176 

9793 406 

41 

1309733 

9883 378 

1681026 

9837314 

1833 8ot. 

^8^6668 

J025 024 

i79i8i8 


rj.i6o» 

9884 939 

,684894 

9^57033 

1856 666 

^826 128 

20.7873 

9792228 

43 

1313484 

9884 498 

1687 761 

9836544 

1859314 

9815587 

2030711 

9791638 

44 

1518339 

9884057 

16^0 62S 

■A'f-of^ 

J 862 381 

98i5 046 

2033569 

9791047 

5 

IJZI134 

9883 t'3 

1693 49: 

UfSSCt 

l86j 240 

9824304 

2036416 

9790455 

1314109 

9883 .7* 

1696,(61 

5835068 

1868 09K 

9813961 

20J9 265 

9789862 

4: 

1J16984 

9882,28 

1699 118 

9834 S74 

1870956 

9813417 


9789268 
9786674 


1329838 

..882 184 

1702095 

9834079 

.873 S13 

9811873! 1044961 

49 

1531733 

7881 838 

1704961 

9K33383 

1876670 

9821 ji; 

1047 8o» 

9788079 

5° 

ii.W 607 

98!ti 391 

1707818 

9833087 

1879518 

9821 7''i 

2050655 

97874*3 

Ji 

133848* 

9880943 

1710694 

9851590 

1882 3S.5 

J811134 

2053501 

9786 S86 

5 

13*1336 


1713360 

93^1092 

1885 14 

9810686 

2056349 

9786288 

J 

1344130 


1716413 

983139. 

188000 

9810137 

1059 IDS 

9785689 

J4 

1J47 104 

9^79 '3 99 

1719191 

5851093 

1893 93 

9819387 

1062 0.i2 

9785 09D 

53 

IJ49978 
-JJ185. 

9879 148 

I»1I36 

985039. 

1896 Kl 

9819037 

981 8 485 

1064888 

9784490 

S 

9B7B69 

1725022 

985009 

189866 

2067734 

9783889 

s 

1333 71J 

9878 14J 

1717887 

9849389 

188932 

9'*i7933 

1070580 

97S3287 

s 

I3jBj98 

9877 791 

1730731 

984908 

1902 37 

9817380 

2073416 

978x684 

i 

1361471 

9877 338 

1733617 

9848 5 8 

1903 13 

9816826 

2076171 


6i 

1564341 

98;6 Sis 

J736481 

98480; 

190809 

9tii6x;i 

W79"7 

9781476 


A Table of Natural Sines, 


«7 


M. laDeg. 77Dcg. ijDcg. 76 Dcg. MDcg. 75 Deg. isDeg: 74 ^eg 


o 

I 
2 

3 

4 

5 
6 

1 
8 

9 

ii 
It 

13 
14 

15 1 
16 

17 
18 

19 

ao 

ai 
as 

24 

aj 
26 

27 
28 

29 
30 
31 
3» 
33 
34 
35 
36 

38 

39 

40 

41 
4» 
43 
44 


2079.117 
2081 962 
2084 807 
2087652 
2090497 
20933/11 
2096186 
2099 030 

iioi 874 
2104718 
2107 561 

21 10 405 
2IIJ24S 
2II609I 
2I18934 

2iai 777 
2124 619 

2127462 

i 130 304 
2133 146 
2135 988 
2138829 
2141 671 
2144 5^1 

ai47 353 
2150 194 

2153035 
2155 876 
2158 716 
2161556 

2164 396 
2167 236 
2170076 
2172 915 
2175 754 

2178593 
2181 43* 

2184 271 

2187 110 

2x89 948 

2192 786 

2195 624 

2198 462 

22C1 300 

2204 137 

2206 974 

1 2209 811 

47 I 3212648 

48 I 2215485 


^) 

5' 

5^ 
53 
54 

SS 
56 

57 
58 
59 


2218321 
2221 ij8 
2223 994 
2226 83c 
2229666 
2232501 

2^^35 337 
2238 172 

2241 007 
2243 842 
2246 676 


ho 2249511 


9781.476 
9780871 
9780265 
9779658 
9779050 
9778442 
9777832 
9777222 
9776611 

9775 999 
9775 3B7 
9774773 
9774^59 
9773 544 
9772928 
9772311 
9771693 
9771075 
9770456 
9769836 
9769215 

9768593 
9767970 

9.767 347 
9766723 
9766098 

976547* 
9764845 
9764218 

9763589 
9762960 

9762 330 
, 9761 699 
j 9761 068 

9760435 
9759 802 
9759168 

9758533 
9757897 
9757260 
9756623 

9755 9^5 
9755 345 
9754 706 
9754065 

9753423 
9752781 

9752 J38 

6751494 
9750849 
9750203 

9749556 
9748909 
9748261 
9747612 
9746962 
9746 311 
9745660 
9745008 
9744 355 
I 9743 701 


22495^1 
2252345 

2255179 
2x58013 

2260 846 
2263 680 
2266513 
2269 346 
2272179 
2275012 
2277844 
2280677 
2283^9 
2286341 
2289172 
2292004 

2294 835 
2197 666 
2300497 
2303 328 
2306 159 
2308989 
2311 819' 

2314649 

2317479 
2320309 

2323 138 
2325967 
2328 796 
1*331625 

2334454 
2337282 
2340 no 
2342938 
2345 766 
2348594 
2351 421 
2354248 

2357075 
2359 902 
2362 729 

2365 555 
2368381 
2371207 

2374 033 

2376859 
2379684 

2382510 

2385 3:^5 
2388159 

2390 984 
2393 808 
2396633 
2399457 

2402 280 

2405 104 
2407927 
2410751 

2413574 
2416 396 
2419 219 


9743-701 

9743046 

{9742390 

I 9741 734 
9741077 

9740419 
9739 760 

9739 loo 

9738439 
9737778 
9737116 

9736453 
9735789 
9735.124 
9734 459 
973.' 793 
9733 "5 
9732 45 S 

9731 789 
9731 119 

9730449 

{9729777 
i 9729 105 

! 9728432 
9727759 

'9727 084 
', 9726409 

' 9725 733 
; 9725656 

[9724378 
I 9723 699 
j 9723020 

19722339 
I 9721 658 

9720976 

9720294 

9719 610 

9718926 

9718240 

9717554 
9716867 

9716 180 

97^5491 
9714802 

9714 112 

9713421 

9712729 

19712036 

97^1343 
9710649 

9709953 
9709258 
9708561 
9707 V63 
9707 165 
9706 466 
9705 766 
9705 065 

9704363 
9703 661 

9702957 


2419*219 
2422 041 
2424 863 
2427 685 

2430507 
2433 329 
2436 150 
2438971 
2441 792 
2444613 

2447 433 
2450254 
2453074 
2455 894 
2458713 
2461533 
2464352 
2467 171 
2469990 
2472809 
2475627 

2478445 
2481 263 

2484081 

2486899 

2489716 

2492533 
2495 350 
2498 167 
2500984 
2503 800 
25(36 616 

2509432 

2512248 

25^5063 
2517879 
2520694 
2523508 
2526323 

2529137 
2531952 
2534766 

2537579 
2540393 
2543 206 
2546019 
2548832 
2551645 

2554458 
2557270! 
2560082 ; 
2562894 I 

2565 705 
2568517 
2571328 I 

2574 139 ■ 
2576950 
2579760 
2582570 

25853^1 , 
2588190 j 


9702.957 
9702 253 

970154b 
9700^42 
9700136 
9699428 
9698 720 
9698 01 1 
9697 301 
9696591 
9695 '879 
9695 167 

9694453 
9693 740 
9693 025 
9692 3Q9 

9691593 
9690875 

9690157 
9689438 
9688719 
-9687998 

9687277 

9686 5 r^ 

9685 832 
9685 108 

9684383 
9683658 
9682931 

9682 Z04 
9681 476 
9680 748 
9680018 
9679288 

9^7^557 
9677 825 
9677092 

9676358 
9675624 
9674888 
9674 152 

9673415 
9672678 
9671939 
9671200 
9670459 
9669718 
9668977 
9668 234 
9667490 
96^*6 746 
9666 001 

9665 255 
9664508 
9663761 
9663012 
9662263 
9661513 
9660 762 
9660 on 
9659258 


258^.190 
2591 000 
2593 810 
2596 619 
^599 428 
2602 237 
2605 045 
2607 853 
2610662 
2613 469 
2616277 
2619085 
2621 892 
2624699 
2627506 
2630312 
2633 118 

2635 9^5 
263S 730 

2641536 

2644342 

2647 ^47 
2649952 

265c 757 

2655561 
2658366 
2661 170 
2663 973 
2666777 
2669581 
2672384 
2675187 

2677989 
2680 792 

2683594 
2686396 

26^89 198 
2692000 
2694 801 
2697 692 
2700403 
2703 204 
2706004 
2708805 
2711605 

2714404 
2717204 
2720003 
272x802 
2725^601 
2728 4C0 
2731 198 

2733997 
2736794 

*739592 
2742 390 
2745187 

2747984 
2750781 

2753577 

2756374 


9659.258 

9^5^505 

9^57 75^ 
9656996 

9656 24O J 

9655484 

9654 726 
9653968 

I 9653 209 
9652449 
96516^(9; 
9650927 t 
9650 165 I 
9649402 
9648638 

9647873 
9647 108 
9646341 

9^45 574 
9644 806 
9644037 
9643 268 
9642 497 
9641 726 

9640 954 
9640181 

9630407 

9^3^^S3. 
9537 858 
9637081 

9636305 
96355*7 
9634748 

9^33 969 
9633 189 

9632 408 

9631 626 

^9630 843 
9630 060 
9629 275 
9628 490 
962"^ 704 
9626917 
9626 130 
9625 342 
9624552 
9623 762 
9622972 
9622 180 
9621 387 

9620594 
9619 800 
9619 005 
9618 210 

9617 413 
9616 616 

9615 818 

9615 019 

9614 219 

.9613418 

I961261'} 


h 

S7 
56 

55 

54 
53 
5» 
51 
50 
49 
48 
47 
46 
45 
44 
43 
4* 
41 
40 
$9 
38 

3^ 
35 

34 
33 
3* 
31 
30 

29 
28 

27 
26 

25 
24 
23 
2% 
21 
20 

19 
18 

17 
16 

15 
14 

i$ 

IV 

zi 
10 

I 

7 
6 

5 
4 

3 

2 

I 


- — u 
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A Tabic of Natural Sines. 


Mj ,6 Peg. 73 Peg, i ^ Peg. ^2 Peg. i<l Peg. ji Peg. 19 Peg. 70 Peg. M 


I 
% 

3 
A 
5 

7 
8 

9 

o 

I 
a 

3 
4 

5 
6 

7 

8 

9 

fto 

ft4 

*5 
26 

a? 
d8 
19 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 

40 

41 
4i 
43 
44 

45 

46 

47 
48 

49 

50 

51 
52 

53 
54 
55 
56 

57 
58 

59' 
60 


»756.374 
»759 »70 
1761 965 

«7^4 761 , 

»767556 

2770351 

»773I47 
2775941 
1778736 

2781530 

2784314 
1787 118 
1789 911 
1^91 704 

2795 497 
1798190 
1801 083 
2^03 875 
1806 6C 7 
2809 459 
2812 151 
2815042 
2817833 
2820624 
2823415 
2826 205 
2828995 
2831 785 
2834575 

2837364 
2840153 

2842942 

2845731 
2848 $20 

2851 30? 
2854096 
2856 B84 
2859671 
2862458 
2865 246 ; 
2863032 1 
2870819 i 

2873 605 : 
2876391 \ 

2879177 
2881 963 

2884 748 

2887533 

2890318 
2893 103 

2895887 

2898671 ' 

290^455 ' 

2904239 J 
2907022 r 
2909 805 I 
2912588 '. 

2915 371 ; 
2918 153 
2920 935 

2923 7^7 


9612.617 
961x815 
961k 012 
9610 208 
9609 403 
9608598 
9607 792 
9606984 
9606177 
9605 368 
9604558 
9603 748 
9602937 
9602 125 
9601 312 

9600499 
9'599 684 
9598 869 
9598 053 
9597 236 
9596418 
9595 600 
9594 781 
9593 961 
9.J93 140 
9592 318 
959I 496 
9590 672 
9589 848 
9589 023 
9588 197 

9587 371 
9586 543 
9585 715 
9584 886 
9584 056 
958? 226 

95^^ 394 
9581562 
9580 729 
9579895 
9579 060 
9578225 

9577 389 
9576552 

P575 714 
9574875 
9574035 

9573195 
9572354 
9571 5" 
9570669 
9569 825 
9568981 
9568136 
9567 290 
9566445 

9565 595 
9564 747 
9563 898 
P563048 


2923.717 
1926 499 

2929280 
2932 061 
2934 841 
2937 623 
2940403 
2943 183 

2945 963 
2948 743 
2951511 
2954302 
2957081 

2959859 
2962638 

2965416 

2968 194 

2970971 

2973 749 
2976526 

2979303 
2982079 
2984 856 
2987632 
1990408 
2993 184 
2995 959 
2998 734 
3001 509 

3004284 
3007058 
3009 832 
3012606 

3015 380 
3018153 

3020926 
302.^ 699 
30^6471 
3029 244 
3032016 
3034788 

3037559 
3040331 
3043 102 
3045872 
3048643 

3051413 

3054183 

3056953 

3059723 
3061 49Z 

3065 a6i 

3^68030 
3070798 
3073566 

3076334 
3079 102 
3081869 
3084636 
3087403 
3090170 


9563.048 
9562 197 

9561 345 
9560491 
9559639 

9558785 
9557930 

9557074 
9556 218 

9555 361 
9554502 

9553 643 
9552 784 

9551923 
9551 062 

9550 199 
9549336 
9548 473 
9547 608 
9546 743 
9545 876 
9545009 

9544141 

9543 273 

954» 403 

9541533 
9540662 

9539790 
9538917 
9538044 
9537 170 
9536 294 
9535418 
9534542 
9533 664 
9532 786 

9531907 
953^ 027 
9^30146 
9529264 

9528382 

9527499 
9526615 

9525 730 
9524844 
9523958 
9523071 
9522183 
9521 294 
9520404 

9519514 
9518623 

9517 731 
9316838 

9515944 
9315050 

9514 154 
9513258 
95 12 361 

95" 464 
9510565 


3<>90i70 
3092 936 
3095 701 
3098 468 
3001 234 
1103 999 
3106 764 
3109529 
3112194 

3115058 
3117822 
3120586 

3"3 349 
3126 112 
3128875 
3131638 
3134400 
3137 163 

3139925 
3142686 

3145448 
3148 209 

3150 969 
3153 730 
3156490 
3159150 
3 162 010 
3164770 
3167529 
3170 288 
3173047 
3175805 
3178563 
3181321 
3184079 
3186836 
3189593 

3*92 3SO 
3195 ro6 
3'97 863 
3200 619 

3203374 
3206 130 

3208 885 
32J1640 
3214 395 
3217 149 
3219 903 
3222657 

3225 411 
3228 164 
3 30917 
3233 670 
3^3^ 422 

3239 174 
3241 926 
32,44 678 
3247429 
3250 180 
3252 931 
3255 682 


9510.565 
9509 666 
9508 766 

95^7 «65 
9506 963 
9506 061 
9505157 

9504253 
9503348 
9502443 

9501536 
9500629 

9499 721 
9498812 
9497902 
9496991 
9496 080 
9495 168 

9494255 
9493 341 
9492 426 

94915" 
9490595 
9489678 
94U8760 
9487842 
9486922 
9486002 
9485081 

9484159 
9483237 
9482313 

9481389 
9480 464 

9479538 
9478612 
9477684 
9476756 
9475 S27 

9474897 
9473 966 

9473035 
9472 103 

947 J 170 
9470236 
9469 301 
9468366 

9467430 
s>466493 

9465 55 S 
946461^ 

9463677 
9462736 

9461 795 
9460 854 

94.'J99" 
9458968 

9458023 

9457078 

9456132 

9455 '86 


3255-682 

3258432 
3261 182 
3263 932 
3266 681 
3269 430 
3272179 
3274928 
3277676 
3280424 
3283172 
3285 919 
32B8 666 
3291 413 
3294 160 
3296906 

3299653 
330* 398 
3305 144 
3307 889 
3310634 

3313379 
3316 123 

3318867 
3321 611 

33H355 
3327 098 
3329 841 
3332584 
3335 326 
3338069 
3340 810 

334355^ 
3346 293 

3349034 

3351775 
3354516 

3357256 

3359 996 
3362 735 

3365475 
3368214 
3370953 
3373691 
3376429 
3379 167 
3381 905 
3384642 
3387 379 
3390 116 
3392852 

5395589 
3398325 
3401060 

.U03 796 
3406531 

3409 265 

3412000 

3414 734 
3417468 

3420 101 


9455*'86 

9454 238 
9453 2SPO 

9452341 

9451 391 
9450 441 
9449 489 

9448537 
9447584 

9446 630 

9445 675 
9444 720 
9443 ^64 
9441 807 
9441 849 
9440 890 

9439 i'31 
9438 971 
9438010 
9437048 
9436 085 
9435 '*2 
9434 *57 
9433 ^92 
9431 117 
9431 160 

9430 293 
9429324 
9428 3SS 
9427 386 

94264^5 
9425 444 
9424471 
9423498 
9421525 
9411550 

9420575 
94^9598 
9418621 
9417 644 
9416 665 
9415 686 
9414 705 
9413 724 
9412 743 
9411 760 

9410 777 
9409 793 
9408 808 
9407 824 
9406 835 
9405 84^$ 
5)404 860 
9403 871 
9402 88x I 
9401 891 1 
9400 899 J 
93999071 
9398 9U I 
1 9397 921' 
9396926) 


60 

58 

57 
56 

55 

54 

53 

5» 

SI 

50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
3S 
34 
33, 
32 
31 
30 

*2 
28 

27 

26 

25 
24 
23 

21 
IX 

10 

19 
18 

'7 
16 

15 
M 

^3 
II 
IX 

10 

9 
8 

7 
6 

5 

4 

3 
% 

t 

o 


A Table of Natural Sine$. 


M 20 Dcg. 69Deg. ai Deg. 68 Dcg. 22 Dcg. 67 Deg. 23 Deg. 66 Deg. 
o ■jAiaaoi 0106.026 3583.670 0335-804 1 3746.0661 0271.830 3007.311 010^.040 


<9 


o 

I 

3 

4 

5 
6 

7 
8 

9 

10 

zi 

12 

13 
t4 

15 

16 

17 
18 

ao 

SI 

fl2 

43 
24. 

*5 
a6 

»7 
a? 
ft9 
30 
31 
3» 
33 
34 
35 
36 
37 
38 

39 

40 

41 

42 

43 
44 
45 
46 

47 
48 

49 


9396.926 

9395 931 
9394935 


9393 938 j 3591 825 

939294013594540 

9391 94a I 3597 254 

9390 943 
9389 942 

9388 942 
9387 940 
9386938 
9385 934 
9384 930 

9383 9»5 
9382 920 

9381 913 
9380906 

9379 898 
9378889 
9377 880 
9376 869 

9375 858 
9374846 

9373 833 
9372810 

9371 806 

9370 790 

9369 774 


342a20i 
3422935 
3425 668 
3428400 

3431 133 
3433 865 
3436597 
3439 3»9 
3442060 

3444 791 

3447 5«i 
3450252 

345* 982 
3455 71a 
3458441 
3461 lyi 
3463 909 
3466 628 

3469 357 
347»o85 
3474812 
3477540 
3480 267 
3482 P94 
3485 7^0 
3488 447 
3491 £73 
^^3 ^98 
3496624 

3499 349 
3502074 

3504 798 

35075*3 
3510246 
3512970 
35 1 J 693 
3518416 

35«J^ 139 
35*3862 

35*6584 
3529306 
3^3*027 
3534748 
3537 469 
3540190 

354*910 
3545 630 
3548350 

3551070 

. 3553 789 
5013556508 

51 13559**6 

5*13561944 

53 1 3564662 

54 I 3567 380 

55 ' 3570097 
5^ 357*814 

57 25755ZI 

58 3578248 „. 

59 3580964 I 9336846 
^ 3S^i^79 9335804 


3583-679 9335-804 1 3746.066 
3586395 :9334 761 1 3748 763 


3589 "o 


9368758 3659599 
9367 740 1 3662 306 
9366 722 


93337181375x459 
933*67313754156 

93316281 3756852 
933058*13759547 
93*9 535 1 3762 243 
932848813764938 
93*7439 3767632 

37703*7 
3773021 

3775 714 
3778408 
3781 loi 

3783 794 
3786 486 

3789178 

3791870 

931601a 3794562 

9315855 3797*53 
9314797 3799944 
9313739 380x634 
9312679 38053*4 
9311619 3808014 
9310558(3810704 

9309 496 1 3813 393 
9308 434| 3816082 

3818770 

3821 459 

3824147 


3599 968 
3602682 

3605395 

3608 108 1 9326 390 

3610 821 9325340 

3613534 93*4*90 

3616246 9323238 

3618958 9322186 

3621669 9321 133 

3624380 9320079 

3627091 9319024 

3629 802 1 9317 969 
3632512 
3635 222 

363793* 
3640641 

3643351 
3646059 

3648 768 

3651 476 
3654184 
3656891 


9365 703 
9364683 

9363 662 
9362641 
9361 618 

9360595 
9359571 
9358547 
93575*1 
9356495 
9355 468 
9354440 

9353 4^"^ 
935*382 

935135* 

93503*1 

9349*89 

9348*57 

9347 **3 
9346189 

9345 154 
93441^9 
9343 082 
934*045 
9341007 

9339968 
9338 9*8 
9337 888 


9307 370 
9306 306 

9305 141 
3665012 9304176 


3667719 1 9303 109 


36704*5 
3673130 
3675 836 
3678541 
3681 246 

3683 950 
3686654 
3689358 
3692061 

3694 765 
3697468 

3700170 

3702872 

3705574 
3708276 
3710977 
3713678 

3716379 
3719079 


9302 042 

9300974 

9*99 905 
9*98 835 

9*97 765 
9296 694 

9295 621 

9*94 549 

9^93 475 
9x92 401 

9291 326 
9290 250 
9289 173 
9288 096 
9287017 

9*85 938 
9284858 

9*83 778 


3826 834 
3829522 
3832 209 

3834 895 
3837582 
3840268 

3842953 
3845 639 
3848324 
3851008 

3853 693 
3856377 
3859060 

3861 744 

3864427 
3867 110 

3869 79* 
387*474 
3875 156 
3877837 


37A1780 9281614 
3724479 1 9280531 
3727179 19279447 
37*9878 19278363 
373*577 19277277 
3735*75 9276 191 
3737 973 9275104 
3740671 9274016 

3743369 92729*3 
3746066 9271 83^ 


9282696 3SS0518 
3683199 


3885 b8o 
3888560 

3891 *40 
389^919 
3896598 
3899277 

59-^955 
3904633 

3907 311 


9271.839 
9*70 748 
9269 658 
9268 566 
9267 474 
9266 380 
9265 286 
9264 192 
9263 096 
9262000 
9260902 

9*59 805 
9258 706 
9257606 
9256506 
9*55 405 

9*54 303 
9253 201 
9252097 
9250 993 
9249 888 
9248 782 
9247 676 
9246568 
9245 460 
9244351 
9243 *4* 
9242 131 
9241 020 
9239 908 

9*38 795 
9237 682 
9236 567 

9*35 45* 
9*34 336 
9233 220 
923* 102 
9230 984 
9229 865 
9228 745 
9227 624 
9226503 
9225 381 
9224258 

9223134 
9222010 
9220 8S4 
9219 758 
9218632 

92 J 7 504 
9*16375. 

9215 246 

9214 m6 
: 9212986 

! 921 1 854 
i 9210 722 
' 9209589 
9208 455 
9207 320 
9206 185 
9205 049 


3907.311 
3909 989 
3912 666 

39*5 343 
3918 019 

3920695 

39*3 37^ 
3926047 

3928 722 

3931 397 
3934071 

3936 745 
3939419 
394* 093 
3944766 

3947 439 
3950x11 

395* 783 
3955 455 
39581*7 
3960 798 
3963 468 
3966 139 
396^ 809 

3971479 
3974 148 
3976 8i« 
3979486 

398* 155 
3984823 

398749' 
3990158 

399* 825 

399549* 
3998158 

4000825 

4003 490 

4006 156 

4008 821 

401 1 486 

4014 150 

4016 814 

4019478 
4022 141 
4024804 

4027467 
4030 129 

4032 791 

4030453 
4038 114 
4040775 
4043 436 
4046 096 

4048 756 
4051 416 

(4054075 
14056734 

M059393 

j 4062051 

I 4064 709 

4067 366 


9105.049 60 

9203 912 59 

9102774 S^ 

9*OJ 635 57 

9200 496 56 

9199356 55 

9198 115 54 

9197073 53 

9195 931 ^» 
9194 78S S^ 
9193644 5® 

919*499 ^9 

9101 353 40 

9190 207 47 

9x89060 46 

9x87 912 4S 

9186763 44 

91856x4 43 

9184 464 4» 

9x83 313 41 

9182 x6i 40 

9181009 39 

9^79855 38 
9178 70X '37 

9177546 36 

9x76 3i>x 3S 

9*75*34 34 

9174077 33 

9172919 31 

9171 760 31 

9x70 60X 30 

9169440 29 

9168 279 li 
9x67 X18 27 

9165955 ** 
9164 791 15 

9163 627 24 

9162 462 23 

9161 297 21 

9160 130 21 
9158 963 20 

9^57 795 19 
9156626 xS 

9155456 17 
9154 286 x6 

9153 "5 15 

915 1 943; U 

9150 770 , 13 

9149597! I* 
9148422 II 

9147 247 JO 

9146 07& 9 

\ 9144 895 I 

9143 718 7 

9142 540 6 

9141 361 s 

9140 181 4 

9139 coi 3 

9137 819 1 

6136637 I 

9^35 455 I « 


yo A Tabic of Natural Sines. 

24Deg. 65 Deg. 25l>eg. 64Deg. 26 Deg. 63 Deg* 27Deg.6a Deg. 


M 


o 

X 

a 

3 

4 

5 
6 

1 


M 


10 
II 

t2 

13 
14 

15 

16 

17 
x8 

19 

flO 
•X 

*3 

*6 
»7 

99 

SO 

33 

34 

35 
36 
37 
38 

39 
40 

41 

4a 

43 
44 

45 


49 

50 

51 
5» 

53 


4067,366 

4070014 
4071681 

4075337- 

4077993 
4080649 

4083305 
. 40859^0 

^ 40886x5 
9 4091169 

4093 ?a3 
4096577 
409*9 130 
4101 8S3 

4104 53<i 
4x07 189 

4109 84X 

4x12491 
4"5'44 
41x7 795 
4110445 
4x13096 
4115 745 

4118 m 

41 31 044 
4133^3 
4136341 
4138990 
414I 638 

4144185 

4146931 

4149579 
415 a 116 

4154871 
4157 517 

4160 163 

4161 808 

4165453 
4168097 

4170 741 

4173385 
4176018 

4178 67X 
4181 Z^i 

4*83 956 

^. 4186597 
46 4189139 

47 4191880 

48 41945II 
4197 161 

4199 80X 
4202 441 
4205 080 
4207 719 


54 4110358 
4112 996 

4115 634 

4218171 

4220 909 

59 j 4113 546 


is 

S6 

57 
58 




9135-455 

34*71 
33087 
31902 
30716 

19519 
18341 
17154 

14775 

13584 

41393 
II 101 

10008 

18S15 
X7620 

16415 

15119 

14033 
11835 
1x637 
10438 
91038 
Q8038 
06^37 
05635 

04431 
03x18 

02024 

00819 

9099613 
98406 

97199 
95990 
94781 

93571 
91361 
91 150 
89938 

88715 
87511 
86297 
850^2 
83 866 
82649 

81431 
80214 

78995 

77 775 
76554 

74 IM 
72888 
71665 
70.440 
69215 

67989 
66 762 

^SSZS 

64307 
-63078 


4226. 183 
4228 819 

413 J 455 
4234 OjjO 

4236 725 

4239 360 

424f 994 

4244 tf 28 

4247 262 

4*49895 
4252528 

4155 161 

4157793 
4260425 
4263056 
4265 687 
4268318 
4270949 

4173579 
4176 108 

4178838 

4281 467 

4284095 

4186 713 

4189351 

4291 979 
4294 606 

4297*33 
419985^/ 
4302485 
4305"! 
4307 736 
43^^0361 
4312986 
4315 610 
4318234 
43*0857 
4313481 
4326 103 
4528726 
4331348 
4333 970 
4336591 
433911* 
4341 832 

4344 453 
4347071 
4349692 

4351311 
4354930 
4357548 
4360 166 

4362784 
4365 401 
4368018 
4370 <534 
4373*51 
4375 866 
4378482 
4381097 
U38371J 


9063.078, 4383.711 


906! 848 
9060618 
9059386 


9058154} 4394166 


0056 922 
9055688' 
9054454 
9053 1*19 
9051983 


4386326 
4388940 
4391553 


4396 779 
4399 391 

4402 004 

4404615 
4407 **7 


9050746 4409838 
9049 509 1 4411448 
9048171; 4415059 
9047 031J 4417668 
904579*1 44*0178 
9044551 1 4411887, 
9043 3 loj 4425496! 
9041 068 1 44281041 
90408251 4430712' 
9039582I 4433319' 
90383381 4435 9*7 i 
9037093! 44385341 
9035 84 7 1 4441 140! 
90346001.4443746 I 
9033353 4446351 1 
903*105; 4448957! 
90308561 4451562^ 
90296061 4454167 
90183561 4456771 
90*7105; AA592>7S 
90*5853. 4461978 
90*4600; 4464581 

90*3347! 44^7184 
90*>092| 4469786 
90*0838! 447*388 
90I9582; 4474990 
9018-325 '.4477 591 
9017068J 4480192 
90I5 810 4482 792 


9014 551 
90I3 292 
9012031 
9010770 
90C9 508 
9008 246 
90^6 982 
90O5 718 

P004453 
9003 188 

90*^1 921 
9000 654 
8999 386 
8998 117 
8996 848 
8995 578 
8994 307 
8993 035 
8991 763 
8990489 
89H9 215 
8987 940. 


4485 39* 
4487 99* 
449059T 

4493 190 
4495 789 
449^387 
4500984 
450358* 
4506179 
4508 775 
45" 37* 

4513967 
4516563 

4519 158 

45*1753 

45*4 347 
4526941 

45*9 SZS 
453*128 

4534 7*1 

4537 Z^^ 

4539 905 


8987.940 
89866(55 

8985 389 
8984 112 

8982 834 

8981555 
8980276 
8978996 

8977 ns 
8976433 
8915 '51 

8973 868 
897*584 
8971 %99 
8970014 
8968 727 
8967 440 
8966153 
8964 864 

8963575 
8962 285 

8960 994 

8959 703 
8958 41 1 
8957 "8 

8955 8*4 
89545*9 
8953 *34 
8951 938 
8950 641 

8949 344 
8948045 

8946 746 
8945 446 
8944 146 
894* 844 
894154* 
8940 240 

8938 n^ 
893763* 
89363*6 

8935021 

8933714 
893* 406 
8931098 

89*9789 

89*8480 
89*7 169 
89*5^58 
8924546 

89-3 -34 
8911920 

891^^606 

8919x91 

8917975 
8916 659 

8915 34*i 
8914024] 

891*705; 

8911385^ 
8910065 i 


4539-905 
454* 497 
4545 088 
4547 <579 
4550 *69 
455*859 

4555 449 
4558038 

4560627 
4563 *i6 
4565 ZoA 

45 ■>f' 39'^ 

4570979 
457356^ 

4576153 

4578739 
4381325 

4583 9 1"^ 
4586496 
4589080 

4591 665 
459424b 
4596832 

45;^9 415 
4001 998 

4604 5 «o 

4607 162 

4609 744 

-4612325 

4614 906 

4617486 

4620066 

4622 646 

4625 225 

4627 804 

4630382 

4632 960 

4635538 

4638 115 

4640 69 X 

4643 269 
4645 845 

4648 4*0 
4650996 

4653571 
4656 145 
46387191 

4661293 
4663 866 

4666439 
4669012 

4671584 
4674 150 j 

46767*7! 
4679*98; 
4681 869 

4684439! 
4687009' 

4689578 
4692 147 
46947x6 


8910.065 60 

8908 744 59 

89074*3 ^^ 
8966x00 57 

8904777 5^ 

8903453 SS 

8902 128 54 

8^00803 S3 

8899476 51 

8898 149 St 

8896822 50 

8895493 49 
U894 164 48 

8892 J34 47 

889x^503 46 

8890 171 45 

8888 839 44 

8887506 43 

8886x72 4* 

8884838 41 

b 883 503 40 

8882166 39 

8880830 38 

887949* 37 
B878154 36 
8876815 35 

8875475^.34 
8874 13J! 33 
^872793 31 

8871 451 31 
8870108 30 
8868765 29 

8^67420 2^ 
8866075 27 
8864 730 26 

8863383 25 

8862 036 24 
8860688 23 

8859339 11 
8857989 2X 

8856639 20 

8855*88 19 

8853936 x8 

8852584 x7 
8851230; 16 

8849 876 1 15 
8848522! 14 

8847 i66 [ 13 

8845 810 ► i2 

8844 453 , 
8S43095. 

8841 736 ; 
8840377; 

8839017 

8837656 
8836 295 

8834933 

88335691 

8832 206 ! 
81^30841! 
8829476! 


il 

lO 

9 
% 

*r 
./ 

6 

S 

4 

3 

1 

X 

o 


7A 


A Table of NattifalSiiles. 

M 28 Peg. ^T Peg. 39 Peg. 6a Peg. 30 Peg. 59 Peg. 31 Peg, jtB Pegi.M 


o 

J 
a 

3 
A 

3 
6 

7 
8 

9 


4694.714 
4697 484 
2699 85* 
470*419 
4704986 

4707 S5^ 
4710 119 

47" <s85 
4715 250 
4717 815 
10.47^0380 
1 1 475^2944 

I* 472550S 
Ji 47x8071 

14 4730634 

l| 4733197 

'^ 4735 759 

17 473«3»J^ 

18 474088a 

19 4743 443 
ao 4746004 

ai 4748564 
a« 4751 124 
a3 4753683 

34 4756 i42 
a5 4758 801 
a6 4761359 

a7 47^3917 
%& 4766474 
39 4769031 

30 477^588 

31 4774144 
3a 477<5 700 

33 4779*55 

34 4781810 

35 4784364 
3» 4786919 
37 478947^ 
3^ 4792026 

39 4794579 

40 4797^^31 

41 4799683 
4* 4802235 

43 4804 78*'. 

44 4807337 

45 4809888 

46 4812 43** 

47 4814987 

48 4HI7537 

49 4820086 

50 4822634 

51 482518*2 

5* 48^7-730 

sz ,4830477 

54 4^31824 

55 483537c 

56 4837016 

57 4840462 
^8 4843007 

59 4845552 

60 1*4848096 


8829.470 
a8ilo 

a6 743 

15 375 
24007 

22638 
21269 
19898 
18527 
17 155 
15782 
14409 

13035 
II 660 

10284 

08907 

07530 

06 152 
04774 

03394 
02014 

00633 

8799*51 
97869 

96486 

95102 

93717 
92332 
90946 

^559 
88171 

86 783 

85394 
84004 

82613 

8l22z 
79830 

78437 
77043 
75649 
74254 

72 $58 
71462 

70 064 

68666 
67268 
65868 
64468 
63 067 
61 66 s 
60263 
58859 

5TA55 
56 051 

54645 

53239 
51832 

50425 
49016 
476071 

46197/ 


4848 096 
4850 640 
4853 184 
4855 727 
4858270 
4860 Siz 
4863 354 
4^65 895 
4868436 
4870977 

4873517 
4876057 

4878597 
4881 136 
4883 674 
4886212 
4888 750 
4891 288 
4893 825 
4896 361 
4898 897 

4901 433 
4903 968 

49O6503 

4909 038 

4911572 

4914 105 

4916638 

4919 1 71 
4921 704 

4924 236 
4926 767 
4929 298 
4931 829 
4934 359 
4936 889 

4939419 
4941 948 

4944 476 
4947 005 
4949532 
4952 060 

4954587 
4957 "3 
4P59 6Z9 
4962 1 65 
4964 690 
4967 215 
4969 740 
497* 264 
4974 787 
4977 3J0 
4979 833 
4982 355 
4984877 

4987 Z99 
4989 920 

4992441 
4994 961 
4997481 

f 000 000 


8746.197 

8744 786 

8743375 
8741 963 

8740550 
8739137 
8737 722 
8736307 
8734891 

8733475 
8732058 

8730640 

8729221 

8727 801 

8726381 

8724960 

8723538 

8722 116 
8,720 693 
8719269 

8717844 

8716 419 

8714993 
8713566 

8712 138 
8710 710 
8709 281 
8707 851 
87O6420 
8704 989 

8703557 
8702 124 
8700691 
8699 256 
8697 821 
8696386 
8694 949 
8693512 
869x074 
8690 636 
8689 196 
8687 756 
8686315 
8684874 

8683431 
8681 988 
8680544 
8679100 
8677 655 
8676 209 
8674 762 

8673314 
8671866 
8670417 
8C68967 

8667517 
8666 066 
8664 614 
8663 j6i 
1 8661 708 
' 8660 2J4 1 


5000.000 
5002519 
5005 037 
5007 556 
5010073 
5012591 
5015 107 
5017 624 
5020 140 
5022655 
5025170 
5027 685 
5030 199 

5032713 
5035227 
5037740 
5040252 
5042 765 

5045 276 
5047 788 
5050298 
5052 809 

5055^19 
5057828 
5060338 
5062 846 
5065 ZS5 
5067 863 
5070370 

5072877 
5075 384 
5077890 
5080 396 
5082901 
5085 406 
5087910 
5090 414 
5092918 

5095 421 
5097 924 

5100426 
5102928 
5105429 
5x07 930 
5110431 
5112931 

5115431 
5117930 
5120 429 
5122 927 
5125425 
5127 923 
5130420 
5132 916 

51Z5 413 
5137 908 
5140404 
5142 899 
5145 39Z 
5H7 887 
5150 381 


8660.254 
58799 

57 344 
55887 
54430 

52973 
51514 
50055 

48595 

47134 

45673 
44 211 

41748 
41^^84 
39820 

3835J 
36889 
35423 

33 95(> 
32488 
31 019 

29549 
28079 

26608 

25137 
23664 

22 191 

00717 

19 243 
17768 

16 292 

14 815 

13337 
II 859 

10380 

08 901 

07 420 

05939 

04 45 7 
02975 

01 491 

00007 

8598523 

97037 

95551 
94 064 

92576 
91088 

89599 
88IC9 

866I9 

85127 

^3^35 
82143 
80640 

79 155 
77 660 

76 164 
. 74 668 

73 171 
71673 


5150 381 

5152874 

5155 367 

5157859 
5160351 

5162842 

5165333 
5167824 
5170 314 
5172804 
5175203 
5177782 
5180270 
5182758 
5185 246 

5187733 
5190 319 

5192705 

5195191 
5197676 
5200 161 
5202646 
52051 30 
5207 6[3 
5210096 
5212579 
5115061 

5217543 
5220024 

5222505 
5224986 
5227 466 
5229945 
5232424 
5234903 
5237381 

5259859 
524*336 
5244813 
5247290 
5249766 
5252241 

5*54717 

5257191 
5259665 
5262139 
5264613 

5267085 
5269558 
5272030 
5274502 
5276973 

5279443 
5281 914 

5284383 
5286853 
5289 322 
5291790 

5294258 
5296 726 

5299193 


1 8571 673 
I 70 174 
' 68 675 

67175 
65674 

64173 
62671 

6x168 

59664 

58160 

5« ^55 
55149 
53643 
52135 

50527 
49 119 
47609 
46099 
44588 

43077 
41564 
40051 

38538 

37023 
35508 

33992 

32475 
30958 
29440 
37921 
36402 
24881 
33360 
31839 
20316 

18793 
17 269 

15745 

14219 
12693 

II 167 

09639 
08 III 
06582 
05053 
03522 
01 991 

00459 

8498 9*7 

97394 

95 860 

94325 
92790 

91254 

88179 

86641 
85101 
83 562 

82 022 1 
80 481 1 


60 

57 
56 

5S 
54 
53 
5» 
5t 
50 
49 
4» 
47 
46 

45 
44 
43 
'42 
41 
40 

38 
36 

3S 
34 
33 
3» 
31 
3<* 
29 

2g 

27 

26 

25 

24 

23 
22 

tl 

26 
If 

16 
'5 
14 

13 
II 
la' 

I 

1 
6 

5 
4 
3 

3 

X 
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A Table of Natural Sines. 


^|3>Pgfr 57Dcg* 33 Peg- 56 Peg. 34 Peg. 55 Peg. 35 Peg. M^eg- ^ 


o 

I 

% 

S 

4 

5 

6 

7 
S 

9 
10 

II 
tt 

13 
14 

15 

16 

17 
iS 

ao 
ax 

S3 

94 

ai 

a6 

%7 
%Z 

99 
3P 
3' 
3* 

33 
34 
35 

3^ 
37 
3» 
39 
4*5 

41 
4* 
43 
44 
45 
46 
47 
4S 
49 
30 
51 
i» 
i3 
54 
55 
56 
57 
58 
59 1 


5»99i93| 
5301659! 

5304 1»5 
5306591 

5309JP57 
53111511 

53I39«6 
5316450 

531*913 
53««376 

53*3^39 
5326301 

53*8763 
533***4 
5333685 

5336145 

5338605 

5341065 

53435*3 
534598* 
5348440 

5350S98 

5353355 
5355811 
5358168 

5360714 

5363179 
5365 634 
5368089 

5370543 
537*996 
5375449 
5377 90* 
5380354 
538*806 

5385*57 
5387 7P8 
5390158 
5391608 
5395058 
5397507 

5399955 
5401403 
5404851 
5407 198 

5409 745 
5411 191 

5414637 
5417082 

54x95*7 
54*1971 
54*4 415 
5416859 

54*9301 
5431 744 
5434187 
5436618 
5439069 
5441 510 

_ ,5443951 
^544^390 


848CM81 

78939 
77 397 
75853 
74309 
7*765 
71(119 

6W3 
68x16 

66579 
65030 

63481 
61931 
60381 
58830 
57*78 
55 7*6 

5417* 
516x8 

5x064 
49508 

4795* 

46395 
44838 

43*79 
4X 710 

40 161 

38600 

37039 

35 477 
33914 
3*35X 
30787 
19111 
17657 
16091 

*4 5*4 
12956 
*i 3«8 
19819 
18 249 
16679 
15 108 

X3536 
XIP63 
10390 
08 8x6 
07141 
05666 
04090 
01513 
00936 

8399 357 
97778 
9619 

94 

93037 

9x455 

89873 
88190 

86'»o6 


199 
618 


5446.390 
48830 
51169 
53707 
56145 
58583 
61010 

^345^ 
65892 
68318 

70763 
73198 
75631 
78066 
80499 
81931 
85365 

87797 
90128 

9*659 
95090 

975*0 
99950 

550*379 
04807 

07136 

09663 

II09I 

X45x8 

X6944 
X9370 

*X795 
14*10 
16645 
19069 

3x49* 
339x5 
36338 
38760 

41x81 

43603 
46014 

48444 
50864 

53*83 
55701 
58121 

60539 
62956 

65373 

67790 

70106 
72621 

75036 

77451 
79865 
82179 

84691 
87105 
8951^ 

9x9*9 


8386.706 
851x1 

83536 
81950 

80363 

78775 
77x87 

75598 
74009 

7*418 
70817 
69136 
67643 
66050 

64456 
61861 
61166 
59670 
58074 
56476 
54878 

53*79 
51680 

50080 
48479 
46877 
45*75 
4367* 
41068 

40463 
38858 

37*5* 
35^46 
34038 

3*430 
30821 
19111 
17601 

1599X 

24380 

11768 

^^^55 
I954X 

X7917 
16311 
14696 
13080 

XI 463 
09845 
08126 
06607 

04987 
03366 

0x74s 
00113 

8198 500 

96877 

95*5* 
93628 

92002 

90376 


I 559x9*9 
5594 340 
5596 751 
5599 x6i 
5601571 

! 5603 981 
5606390 
5608 798 
5611 106 
5613 614 
5616021 
5618418 
5610834 

56*3 *39 
5^^5 64s 
5618 049 

5630453 

563*857 
5635 160 

5637 663 
5640066 
5641467 
5644869 
5647 *70 
5649 670 
5651070 
5654469 
5656 868 

5659*67 
5661 665 
5664061 
5666459 
5668 856 

567x15* 
5673648 
5676043 

5678437 
5680831 

5683 115 

56856x9 

5688 on 

5690403 

5^9^ 795 
5695 187 

5697577 
5699968 

5701357 
5704747 
5707x36 

57095*4 
57XX911 

5714199 
5716686 

57K9073 

57*X459 
57*3 844 
5726129 

5718614 
5730998 
5733 38X 

5735764 


8190376 

88749 
87 Hi 

85493 
83864 
81134 
80603 
78971 
77340 
75708 

74074 
7*440 
70806 
69170 

67534 

65897 
64260 

61611 

60983 

59343 
57703 
56061 
544*0 
5*778 
5XX35 
4949X 

47847 
46101 

44556 

41909 
41262 

39614 

37965 
36316 

34666 

330x5 
3x364 
19711 
18059 
16405 

*4 75i 
13096 

11440 

X9784 
18117 
16469 
14 811 
13 XJ2 

XX 49* 
09832 
08170 
06509 
04846 
03x83 
01519 
8x99 854 
98185 
96529 
94856 
93x89 
91527 


5735.764; 
38 147 

405*91 
4*9xx 

45*9* 

47671 
50053 

5*43* 
54 811 

57x90 
59568 
61946 

643*3 
66700 

69076 

7x45* 
73817 
76101 

78576 
80950 

833*3 
85696 

88069 

90440 
91812 

^5 ^^3 

97553 

«99 9'i3 
5001 192 

04661 

07030 

09397 
1x765 
14x32 
iiS498 
18864 
11130 

*S595 

*5959 
18323 

30687 
33050 
354x1 
37 774 
40x36 

4*497 
44857 
47*X7 
49577 
5x936 

54*94 
56652 
590x0 
61367 

637*4 
66080 

68435 
70790 

73x45 
75499 
77853 


8191.510 
818985a 
8188 181 
8186 511 
8184 841 
8183 169 

8181497 
8179824 
8178 151 
8176476 


60 

il 

57 
56 
55 
54 
53 
5* 
51 


8174801 1 50 
8x73x25 49 

8171449 4* 

8169 771 47 

8168094 46 

8166 416 45 

8164736 44 

8163056 43 

8161376 4* 

8x59695 41 

8x58013 40 

8156330 39 

8154647 38 

8151963 37 

8151178 36 

8149593 35 

8147906 34 

8146 210 i 33 

814453* 3» 

814*844 31 

814x155 30 

8139466 a? 

8137775 *8 
8136084 *7 

8134393 *^ 
8131 701 15 

8131008 

8129 3x4 
8127 620 
8125 915 
8124229 
8122531 
8120835 18 
8119 137 ,17 
81x7439 16 
81 15 740 X5 

8x14040 ;X4 

8x11339 ;i3 
8x10638 
8x08 936 
8107 234 
8105 530 
8103 816 
8101 111 
8100 416 
8198 710 
8097004 
8095196 
8093 5b8 
8091 879 
8090170 


*4 

*3 
21 

21 

20 

X9 


II 

IX 
TO 
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M 

O 
I 

3 
4 

5 
6 

7 
S 

9 

10 

II 

14 

13 
14 

15 
l6 

X7 
i8 

19 
ao 

»i 

«3 

a4 

45 
a6 

a7 
»8 

29 
3° 
3' 

3» 
S3 

34 

36 
37 
38 
39 
40 
41 
44 
43' 
44 
45 
46 

47 
48 
4> 
50 
51 
52- 
53 
54 
5S 
56 
57 
58 

59 
4o 


JdDeg. 53Deg. 3?Deg* 5a Deg, 38 D«g. 5i Deg. 39 Dcg. $d D<?g, M 


5877-853 
5880206 

5882558 
5884910 

5887 262 
5889613 
5891 964 

5894314 
5896663 
5899012 
5901 361 
0370P 

06057 
08404 
10 750 
13096 

1544a 
17787 
20132 

22476 
24819 
27163 

49505 

31847 
34189 

36530 
38871 
41 211 
43550 
45889 
48223 
50566 
52904 

SS Ml 

57577 
59 9U 
62249 

64584 
66918 

69252 

71586 

73919 
76251 

78583 

80915 

83 246 

85577 
87906 

90236 

92565 

94 893 
97221 

99549 
01 876 
04 202 
06528 
08854 
II 179 
13 503 

15 y27 
18 150 


8090.170 

88460 

86749 

85037 

83345 

81 612 

79899 

78185 

76470 

74 754 

73038 

71 341 

69603 

67885 

66166 

64446 

62726 

61005 

59183 

57560 

55837 

54 113 

54389 

50664 

48938 

47411 

45484 

43756 

42028 

40299 

38569 

36838 

35107 

33 375 

31 ^42 

29909 

28175 

46440 

44705 

22969 

21 232 

19495 

17756 

16 018 

14278 

14538 

10797 

09056 

07 314 

05571 

03827 

02083 

00 .^38 

7998593 

7996 847 

7995 100 

7993 354 

7991604 

79f?9 855 

7988 lOJ 

7986355 


6018,150 

40473 
44795 

45 "7 

47 439 
^760 
32080 
34400 
36719 
39038 
41356 
43674 

45991 
48308 

50624 
52940 

55 ^S5 
57570 
59884 
6ZI98 

645" 
66824 
69136 

71447 
73758 
76069 

78 379 
80689 

84998 
85306 
87614 
89922 
92229 

94535 
96841 

6199 147 
01452 
03 756 
06060 

08363 
10666 

1*969 

15^70 

17572 
19^73 

44 173 
24473 
46774 
4907* 

31369 
33666 

3S260 

40556 
42852 

45 147 
47442 

49736 
5^029 
54324 
56615 


7986.355 
84 60.4 , 

84 853 
81100 

79347 
77594 

75839 
74084 

74349 

70574 

68815 
67058 
65499 
63540 
61780 
60040 

58459 
56497 
54 735 
54974 
51408 

49444 
47678 

45913 
44146 

44379 
40 611 

38843 

37074 
35304 

33 533 
31762 
29990 
28218 

26445 
24671 

22896 

21 121 

19345 
17569 

1579* 
14O14 

12 435 

10456 

08676 
06896 

05115 

05 333 

01 550 

7899 767 

7897 983 
7896198 

7894413 
7892 62^ 

7890841 

78890.54 

7887266 

7885477 
7883688 

7881 898 
\ 7880108 

H 


6156.615 
6158 907 

6Ui 198 
6163489 
6165 780 
6168069 

6170359 
6174648 

6174936 
6177444 

6179511 
6181 798 

6184084 

6186370 

6188655 
619^939 
6i93 444 

6195507 

6197 790 
6400073 

04355 
04636 

.06917 
09198 

11478 

13757 
16036 

18 314 
40592 
44870 
45146 

47443 
49698 

31974 
34448 
36524 

38796 
41069 

43344 
45614 
47885 
50x56 
54427 
54 C96 
56966 

59235 
61503 

660^8 
68305 

70571 
72837 
75104 
77366 

79631 
81894 
84157 
86410 
88684 

90943 

93404 


7880.108 
78316 

76544 
74734 
74939 

7ii45 
69350 
67555 

^5 759 

63963 
62165 

60367 

58569 
56770 
54970 
53169 
51368 
49566 
47764 
4:^961 
44157 
44354 
40547 
38741 
36935 
35147 
33340 

31511 

49702 
27892 
26082 
44470 

44459 

40 646 

18833 
17019' 

15 2<^5 
13390 
11574 

09757 
07940 

06123 

04304 
02485 
00665 
7798 845 
7797024 
7795 402 
7793380 
7791557 

77^9 733 
7787909 

7706084 

7784258 

I 7782431 

[ 7780604 

17778777 

i.7776949 
k 7775 120 

[777329^ 
'7771460! 


6293.204 
6295 464 
6297 744 
6499 983 
6302 24i 
04500 
06 758 , 
09015 I 
II 472 I 
13548 j 

15784 
18039 

40^93 
4^547 

24 8Gk7 

47053 
493C>6 

3t557 
33809 

36059 
38310 

40559 
42868 

45057 
47305 

49 5 S3 
51860 

54046 
56292 

5^537 
60782 
63026 

65270 

6751a 
69756 

71998 

74440 

76481 
78721 
80961 
83201 
85440 
87678 
89916, 

94153 
94390 

96 626 

98862 

6401 097 

6403 334 
6405566 
6407 799 
6410 032 
6412264 
6414496 
6416728 

6418958 
6421189 
6423418 

6425647 
6447876 


7771.460 
69629 

67797 
65965 
64134 
62298 
60464 
58629 
56 794 
5495^ 
53141 
51483 

49445 
47 6<^ . 

45 767 . 

439*6 

44086 

40444 

J8402 

36559 
34716 i 

32874 ; 

31027 ! 
49184 ; 
47336 ' 
45489 ' 
23642 ' 

41 794 ! 

19945 1 
18096 I 

16246 i 

14395 ; 
12544 ' 

^10692 ; 
08840 I 
06986 { 

05 134 ! 
03278 . 
01 423 I 

7699567 ! 
97710 

95 ^53y 
93996 

9*137 
90278 
88418 
86558 
84697 
8283s 

80973 
79 no 

77246 
75 384 
73517 
71 654 

69785 
67918 

66051 
6418? 

62314 

60444 


60 

59 
5« 

57 
56 

55 

54 

53 . 

5» 

51 

50 

49" 

48 

47 

46 

41 ' 

44 

4J 
4% 
41 
40 

^2 
38 

3<5 
35 
34 
3J 
3* 
31 
30' 

4? 

28 

*/ 
26 

45" 
44 
43 

2% 
2t 
20 

19 

iS 

17 
16 

IS 

14 
13 

14 
II 

lO 

9 
8 

7 
6 
5 
4 
3 

X 

e 
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M|4oDeg.49rDeg. 4TDeg. 49Deg. 42Deg. 47Degi 43 Deg. 46D«g. llf 


o 

t 

3 
4 

i 


9 

10 

IX 
XI 

13 

\i 

19 
30 

ai 

fli 

a3 
^4 
«5 

«7 
38 

30 

31 

Z% 
33 
34 

35 
36 

37 

38 

39 
40 

41 
4» 
43 
44 
45 
46 

47 
48 

49 
50 
51 
5» 

!4 

55 
56 

57 
. 58 

5P 
60 


6417.876 
30x04 

3»33» 
34559 
36785! 

3>oii| 
4x136 
4346X 
45685 

47909 

5013* 

5»355 

545771 

56798 
59 019 

6x140 

63460 

65679 

67898 

70x16 

7*334 
74551 
76767 

78984 
81 199 

83414 
85618 

87841 
90056 
91168 
94480 
96691 
98903 
6501 114 
03314 

OS 533 
07741 

09951 
II 158 
14366 
16571 

18778 
10984 

131*9 
15 394 
17598 
19801 
31004 
34106 
3640a 
38609 
40810 
43010 

45109 
47408 

49607 

51 804 

i400i 

i 56198 
1 58 395 
I 60590 


7660.444 
58574 
56704 
54831 
51960 
51087 

49114 

47340 
45465 
43590 
4x7x4 
39838 
37960 
36081 

34104 

31315 

30445 

18564 

16683 

14 801 1 

11919 

1x036 

X9151 

17 168 

15383 
X3497 
xx6xx 

09714 

07837 

05949 
04060 

01170 

00180 

7598 389 

96498 

94606 

91713 

90810 

88916 

87031 

85136 

83140 

81343 
79446 
77548 
75650 

73751 
71 851 

^99Si 
68050 

66148 

64146 

61343 
66439 
5^535 
5.6 630 

54714 
51818 

509" 
49004 

47096 


6560500 

61785 
64980 

^7174 
69367 
7x560 

73751 

75944 

78x35 
80316 

81516 

84706 

86895 

89083 
9x171 

93458 

95645 
9783X 
66000x7 
01101 
04386 
06570 

08754 
X0936 
13x19 
15300 
X7481 
X9661 
1x841 
14011 
16100 
18379 

30557 
31734 
34910 
37087 
39161 

4x437 
43611 
45785 
47 959 
50131 
51304 

54475 
56646 

58817 
60987 
63 156 

65315 

67493 
69661 

7x818 

73994 
76160 
78316 
80490 

81655 
84818 
86981 

89144 
91306 


7547096 
45187 
43178 
4x368 

39457 
37546 
35634 

33711 
3x808 

19894 
17980 
16065 
14x49 

11133 
10316 

X8398I 
X6480 

X456I 
X164X 
1071X 
08800 
06879 

04957 
03034 

01 XIX 

7499 ^87 

97161 

95 337 
934IX 
91484 

89557 
87619 
85701 

83771 
81841 
79911 
77981 
76049 

74117 
71184 

7015X 
68317 
66381 
64 446 
61510 
60574 
58636 
56699 
54760 
51821 
50881 

48941 
46999 

45058 

43 "5 

41 173 
39119 
37185 
35340 

33 394 
3x448 


669X.306 
6693 468 
6695 618 

6697 789 

6699948 

6701 X08 

04166 

06414 

08581 

xo 739 
XI 895 

15051 
17 106 

19361 

II 515 
13668 

15811 

17973 
30x15 
31176 

34417 

36577 

38717 
40876 

43014 

45171 

47319 
49466 

5x6x1 

53 757 

55901 
58046 

60190 

623SS 
64476 
66618 
68760 
70901 

73041 
75 181 
77310 

79459 
81597 
83734 
85871 
88007 

90143 
91Z78 

94413 
96547 
98681 

6800813 
01946 
05078 
07109 

09339 

II 469 

13599 
15728 

17856 
19984 


7431.448 

19501 

17554 
15606 

13658 
1x708 
19758 
17 808 

X5857 
13905 

"953 

xoooo 

08046 1 

66091 

04x37 

01 181 

00115 

7398168 

963II 
94353 

9*394 

90435 

88475 

86515 

84553 
81591 

80619 

78666 

76703 
74738 

71773 
70808 

68841 

66875 

64908 
61940 
60971 

5900a 

57031 
55061 
53090 
51 118 
49146 
47173 
45199 
43115 
41150 

39175 
37199 

35311 
33 345 
31367 
19388 

17409 

25419 
13 449 
11467 
19486 
17503 
15 511 
J3537 


68x9.984 
iiixx 

14137 
16363 

18489 
306x3 

31738 
34861 

36984 

39*07 
4x119 
43350 
45471 

47591 
49 7tt 

51830 

53948 

56066 

58184 
60300 
614x6 

64531 
66647 

68761 

70875 
71988 

75101 

771x3 
79315 
81435 
83546 

85655 

87765 

89873 
91 981 

94089 

96195 

98301 

6^00407 
01511 
04617 
06721 
08824 
10927 

13019 
15^3^ 
X7131 
19331 
11431 
13531 
15 630 
17718 
19825 

31 911 
.34018 

36114 
38109 
40304 
41398 
44491 
46584 


73x3.537 

60 

7311 553 

59 

7309 568 

5* 

7307 583 

51 

7305 597 

56 

7303 610 

55 

7301 613 

54 

7199635 

53 

97646 

51 

95657 

51 

93668 

50 

91677 

49 

89686 

48 

87695 

47 

85703 

46 

837x0 

45 

817x6 

44 

79711 

43 

77718 

41 

75731 

41 

73736 

4« 

7x740 

39 

69743 

38 

67745 

37 

65747 

36 

63748 

35 

61748 

34 

59748 

3S 

57 747 

31^ 

55746 

3t 

53 744 

30 

5x741 

^ 

49738 

47 734 

17 

45719 

16 

43714 

15 

41719 

14 

39711 

13 

37705 

11 

35698 

11 

33690 

10 

3x681 

Jl 

19671 

17661 

17 

15651 

16 

13640 

15 

11618 

14 

19 615 

13 

17601 

11 

15589 

IX 

13574 

10 

1 1 559 

9 

09544 

8 

07518 

7 

05 5^^ 

6 

03494 

5 

01476 

4 

7199457 

3 

7197438 

1 

7x95418 

i I 

7193398 
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A Tabic of Natural Sines, 


75* 


o 6946.5 i^4 


a 

3 

4 

S 
6 

7 
8 

9 

ii 
x» 
13 
14 
15 
16 

i7 
18 

19 

ao 
21 
aa 

23 
04 
25 


27 

28 

29 
3° 
3I 
3» 
Si 
34 

3* 
37 
38 
39 
40 
4I 
4» 
43 

44 

:^ 

4i> 

50 
5I 
5» 
53 
54 

^6 

^7 
58 

59 


48676 
50767 
5»8i8 

54949 

57039 
59x28 

61 217 
63305 
6539a 
67479 
69565 
71 651 

73736 
75821 

77905 
79 988 
82071 

84 153 
86234 
88315 
90396 
92476 

94555 
96633 
98711 


a6 7000)789 


02^866 

04 94» 
070x8 

09 093 
II 167 
1324X 
15 314 
17387 
X9459 
21 531 
23 601 

2567a 
27741 
29 81 1 

31879 
33947 
36 014 
38081 

40 147 
42*13 

44*78 
4634* 
48406 

50469 

5253^ 
54594 

58716 
60776 
62835 
64894 
66953 

69 0X1 

7x068 


7193-398 

91377 

89355 

87333 
85310 

83*87 
8x263 

79*38 

77 *«3 
75187 
73x61 

71 134 
69 106 

67078 
65049 

^ 630X9 
60989 

58959 
569*7 

54895 
5*863 

50830 

48796 
46762 

44 7*7 
4269X 

V 655 
386x8 

3658X 


60 

58 
57 
56 

55 
54 

53 

5* 
51 

50 

49 

48 

47 
46 

45 

44 
43 

4» 
41 

40 

39 
38 
37 
36 
35 
34 
3S 
3* 
34543 3jf 


31504 3^ 


30465 
28426 

26385 
24344 
22303 
20*60 

x82x8 

16 174 
14 130 
1 2 086 
X004X 

07995 
05948 
03901 

0x854 
7099806 

7097757 

7095 707 
7093637 
7091 607 
7089556 
7087504 
7085451 
7083 398 
7081 345 

7079 *9I 
7077 230 
7075 x8o 
7073x24 
7Q7XO68 


29 
28 

*7 
26 

*5 
24 
23 
22 
*i 

20 
19 

x8 

17 
x6 

15 

X4 

13 

X2 
XX 

xo 

9 

8 

7 
6 

5 

4 

3 

% 
I 
o 


f^^S^iySSif^Sff^fSfit^lSfi^^^^ 


T 


A 




E 


o r 


LOGARITHMIC VERSED SINES 


To every Minute of the Quadrant, 
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A Table of Logarithmic Verfed Sines. 
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o Deg. I I Deg. 2 Dcg. 3 Deg. 4 Deg, 


I 


M 

^ i 

o ' 6. 

X 2 6264%%% 
% 3 228482a 

3 35806647 

4 3 8305422 

5 4024362a 

6 41827246 
43166182 
4 4326020 

9 45349070 

zo 46264219 

J I 4709*072 

12 47847843 

J 3 48543084 

14 4 9i8677> 

15 4 9786041 

16 50346614 

17 50873192 

18 51369663 

19 51839*83 
%o 5 2284810 

ai 5 2708595 
%% 5 31 I 2661 

»3 53498763 

44 53868430 

7>S S 4**3003 

»6 5 4563669 

a7 5 4391475 

ft8 55*07359 

*9 5551*157 

50 5 5806620 

$1 5 6091427 

32 5 6367191 

33 5 6634468 
54 56893765 

35 57145546 

36 5 7390*33 

37 576*8215 

38 5 7859850 

39 58085468 

40 58305373 

41 58519848 
4* 5 ^7*9^54 

43 58933535 

44 59133*17 

45 593*8411 
.46 5 95 193 14 

47 5 97061 12 

48 $9888977 
j^9 60068970 

50 60243546 

51 60415546 

52 60584206 

53 60749654 

54 60912008 
^5 6 1071384 
56 61227887 
fj 6 1381620 
4:8 61532679 
59 6iiS8ji56 
6q 6j8a7.i37 


1827137 
1970705 
2111938 
2250912. 
2387696 
2522360 
2654968 
*78558i 
2914259 
3041058 

3166033 
3*89*35 
3410714 I 
3530516 
3648689 

3765*75 
3880317 

3993855 
4105928 

4*16573 

43*58*6 

44337** 

4540294 

4645573 

474959* 
4852380 

4953965 
5054376 

5153639 
5*51780 

5348825 
5444797 
55397*0 
5633616 
57*6509 
5818418 

5909365 

5999369 
6088450 

6176626 

6263916 

6350337 
6435907 
6520642 

6604558 
6687671 
6769996 

6851547 
693*340 
7012389 
7091706 

7170305 
7248199 
7325400 
740192 X 

7477774 
755*970 
7627520 

7701436' 


.7847406 
7919481 

7990963 
8061861 

8132185 

8201944 

8271147 

8339803 
8407920 

3475507 

854*57* 
8609123 
8675167 

8740714 
8805768 
8870340 

8934434 
8998059 
9061221 
9123927 
9186183 

9*47996 

930937* 
9370317 

9430837 
9490939 
9550627 
9609907 
9668786 
9727268 

9785359 
9843063 

9900387 

9957334 
7.00139 J I 

00701 2 I 
• 0125969 
0181461 
0236600 
0291391 
0345838 
0399946 

0453719 
0507161 

0560276 

0613068 

0665540 

0717698 

0769544 
P821082 
0872316 
0923249 

0973885 
1024428 
1074*80 
1124045 

11735*7 
1222728 

1271652 


7774728 1 1320302 
7347406- J368680 


7.1368680 7 
1416791 
1464636 
1512219 

155954* 
1606609 

1653422 
1699984 
1746297 
1792-365 
1838189 

1883773 
1929118 

1974228 
2019104 
2063750 
2108167 

*i5*358 
2196326 
2240671 
**83597 
2326906 
.2370000 
2412881 

MS 55 5 J' 
2498013 
2540267 
4582317 
2624164 
2665810 
2707*58 
2748508 

2789563 
2830425 ' 
2871095 
2911576 
2951869 

2991975 
3031897 

3071636 

3111J94 

315057* 

3189773 

3**8797 . 
3267646 

3306322 

3344827 

3383161 

34*13*7 
34593*6 

3497159 
35348*8 

357*334 
3609678 
3646863 
3683888 
37*0757 
3757469 
3794027 
3830431 
38^6683 


5 Dcg. M 


.i 866683 

390*785 
393^736 

3974539 
4010196 

4045706 

4081071 

4116293 

415137* 
4186311 

4221 109 

4*55767 
4290288 

43*4673 

43589*1 

4393035 
4427015 

4460862 
4494578 
45*8163 
4561619 
4594946 
4628146 
4661219 
4694166 
4726989 
4759688 
4792264 

4824719 
485705* 
4889265 

49*1359 
495S335 

4985193 
5016934 

5048560 

5080071 

5111468 

5^4*751 

5^739*3 
5204982 

5*35931 
5266769 

5*97498 
53*8119 
5358632 

5389038 
5419338 
544953* 
54796*x 
5509607 
5539489 
5569268 
5598946 
5628522 

5657998 

5687373 
5716650 

5745«*8 
5774908 
^803891 


7«58o389i 

583*778 

5861568 

5890263 

5918864 

5947370 

5975783 
6004103 

6032331 

6060468 

6088513 

61 16468 

6144333 
6172109 
6199796 
6227395 
6254906 
6282330 
6309668 

63369*0 

6364086 

• 6391167 

6418164 

6445078 
6471908 
6498655 
65*53*0 
^551903 
6578404 
6604825 
6631x66 

66574*7 
6683608 

6709711 

6735735 
6761682 

6787550 
681334* 
6839058 
6864697 
6890260 

6915749 
694I162 

6966502 

6991767 
7016950 
7042078 
7067124 
7092098 
7 II 7001 
7141832 
7166592 
7191281 
7215900 
7240450 
7*64930 
7289341 
7313683 
7337958 
7362164 
738,6303 


O 

I 
2 

3 

4 

5 
6 

7 
8 

9 

10 

II 
12 

13 

14 

15 
16 

iS 

19 

20 

21 

22 

*3 

*4 

*5 
26 

27 

28 

29 

30 

3r 

32 

33 

34. 

35 

36 

37 
38 

39 

40 

41 

42 

43 


45 
46 

47 
48 

49 
50 

51 

52 

53 

54 
ss 

56 

57 
58 
59 
6« 
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M 6Deg. iDeg. 8Deg. 9 Deg. toDeg. tf Deg. H 


7.HMJOJ 

;.t.7>38o6 

7.»88i9jKi 

8.090316* 

74103 ;j 

8744436 

79900038 

0919103 

T4MJ80 

■7OJ017 

79918047 

0935*10 

7458319 

87B5550 

7 99J6O10 

0951.88 

T48i.s,» 

88060.13 

7 99539JJ 

091I7136 

7i°19*9 

8816469 

79971853 

O9830ij 

7j»97*' 

88468J6 

79989713 

0998*44 

75J34I9 

B867196 

g.0007537 

1014804 

7J77''3l 

8887487 

00153*5 

1030,535 

J600J80 

8907731 

004J076 

1046437 

7*14064 

8917918 


1061111 

764748J 

8;4»078 

0078^68 

1077955 

J670S43 

896818. 

0096110 

1093*71 

7694138 

8988138 

0113716 

1109358 

7JI7J7I 

9008148 

0131*87 

1.15017 

7740541 

9018111 

0148S** 

r. 40647 

7763649 

9048130 

0166311 

I 15 6149 

Ih^t 

906800* 

0.83785 

Il7i8t^ 

9087819 

0101113 

11M7369 

7831607 

(107610 

0*18607 

1*01187 

78.t5471 

11117346 

0*35965 

11.8377 

7878176 

9147038 

0153189 

1133840 

7901010 

gi6«fit!4 

0170578 

1149*74 

7913705 

9181J1S6 

0187133 

1164681 

7946331 

9*05844 

0305053 

I1S0061 

7»688i,7 

9«J3j8 

03**139 

1195*13 

7»9'40J 

§144817 

OJ3939. 

I310738 

8013855 

^16415 J 

035*508 

1316036 

8036246 

9»Bj6jS 

037359* 

I34>307 

8oj8jgo 

9301975 

0390643 

1356551 

ioto»s6 

>3Mi7l 

0407659 

1371768 

8103075 

9341J13 

04*4641 

1386958 

8'15137 

9360734 

044I591 

140*111 

8'47M3 

P37990I 

0458509 

1417158 

!'*"pi 

f3990i7 

04 --5 393 

143*368 

8191386 

94lS.iO 

0491143 

1447451 

8113313 

9437151 

05090*1 

14*1510 

8135105 

9456150 

05*5846 

1477541 

8JJ7031 

»475I07 

054159* 

i49a54« 

8178804 

M»-:oi3 

0559319 

'507515 

83COJ32 

9511898 

0576007 

l5i»47l 

83 111 £5 

953173* 

0591663 

1537405 

9* 

95J051J 

06opiS<l 

1551307 

*» 

9569176 

06*5878 

1567.81 

51 

9587988 

064K38 

1581031 

99 

9606659 

0658966 

1596857 

95 

&X 

0675463 

16J1656 

—^—37 

069.918 

1*1»430 

84:a3i7 

96M431 

0708361 

.64.178 

84935''J 

9680941 

07*4764 

1*55901 

8514758 

.699414 

0741136 

I87oeoo 

85«88j 

9717846 

075747* 

1685.73 

8556968 

»736i39 

0773786 

1699.1. 

8J7799» 

9754J93 

0700065 

1714545 

8J9K980 

9771908 

0806313 

I7*9>44 

8619910 

97911M 

08**531 

1743718 

86407B9 

9B09411 

0838718 

1 758*67 

S6«i6i8 

S8»761I 

0854B75 

177*791 

8681397 

984578* 

087.00* 

I7871JI 

5703116 

9863905 

0887099 

J801768 

«7*itlo6 

,88i(so 

oyojita 

iSiteig 


8.1 Si 6**0 
1830*48 
1S4J051 
185.431 

1873786 
18881.8 

1930971 
194J10S 
1959411 
1973611 

1987778 

»030i39 
1044113 
1058144 

1071*93 
1086*98 

II 14141 
M18179 
1141094 
1155987 
a. 6985 7 
ai83f05 
1197531 

111IJ34 
1115 I 16 

M38875 
1*51613 

1166319 

1193695 
1307345 
1310974 
1334581 
334S167 
1361731 
8375175 
.388797 
140**97 
*4lj777 
1419135 
=441673 
3456089 
•4«m8j 
1481860 
1496114 
150.547 
151*860 
153615* 
85494*4 
lj6»«75 
157590*1 
1589117 
1601307 
8615477 
1618*17 
M4I757 I 


8.i<(4i7S7 • 

16548C7 ' 

1667957 » 

lASioaS J 

1^94078 4 

1707109 J 

1733m 7 

3746081 8 

a7J9035 9 

1771967 10 

1724880 II 

1797774 , I* 

1810649 13 

1813504 1 

1836341 1 

1849158 ] 

1861956 ] 

1874735 1 

1887495 1 

1900136 i 

1911958 i 

1915661 i 

1938346 a 

1951011 5 

1963660 } 

1976189 9 

19S8S99 1 

3001491 5 

3014064 S 

301*619 1 

303JI56 3 

3051675 3 

301S4175 3 

307*657 i 

3089111 ' 

3101568 : 

31139.6 3 

31*640* 3 

3138798 3 

3I5"7» ' 

3 1*35*. ' 
31758- 
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U Deg. l^Deg. t4Deg. rsDeg. r6 Deg. I? D^g- M 


o 

8 3394991- 

8.4087475 

8.4718189 

a 5314153 

8.5881406 

8.640434* 




3407001 

4098556 

4738471 

5333844 

5890390 

641179I 


% 

3418997 

41096*1 

4748741 

5343413 

5899365 

6411131 


3 

3430975 

4110675 

4759000 

535399* 

5908330 

6419663 
6438087 

3 

4 

3441936 

4131713 

4769146 

5361551 

59'7l86 


5 

3454880 

414*736 

4779480 

5371098 

5916133 

6446501 

5 

6 

3466808 

4IJ3746 

4789701 

5381635 

5935170 

'■- -^ 

7 

1 

347«7I» 

4164741 

47999(0 

539"6i 

5944097 

>8 

6 

3490614 

4175713 

48101D7 

5400677 

5953016 

)8 

g 

9 

3501411 1 

4186690 

4810191 

5410181 

5961915 


9 

le 

3514354 

4197644 

48304*4 

5419676 

5970K14 

■ i 



3i»6»oo 

410858) 

48406I5 

5419160 

5979715 




3538019 

4irp5o8 

4850773 

5438633 

5988596 

n 


*3 

3549841 

4130410 

4860910 

5448096 

5997468 

t6 

13 

14 

3561639 

4H13I8 

,1.71034 

5457548 

6006330 

S7 

14 

IJ 

357341* 

4IS1101 

488 I 14 7 

5466990 

6015 184 


15 

16 

35B5184 

4163071 

4891146 

547641I 



16 

17 

35 i>«93» 

4173918 

4901336 

5485843 

6031863 



iS 

3608664 


49114II 

5495153 

60416B9 

«555l49 

18 

^9 

3610581 

4*95599 

4911477 

J504654 

6050506 

6563449 

19 


363>°8. 

4306414 

49)1530 

5514044 

6059313 

65 71 741 

10 

'» 

3643765 

4317116 

4941571 

5s^i^■^^ 

6068111 

6580015 



%',liX 

4318004 

49516.1 

553*793 

6076901 

6588301 


23 

433»'778 

4961619 

554115* 

6085681 

6596569 

»3 

34 

36787*3 

4349539 

4971615 

5551500 

6094453 

6604819 

14 

»5 

3690344 

43»o»86 

4981619 

5560839 

6103115 

6613081 

*5 

Sfr 

3701MO 

4371010 

4991 fiol 

5570167 

6111968 

6611314 

16 

a; 

3713539 

4381740 

5001573 

5579485 

6110711 

66195 60 

11 

sS 

371JII4 

4391447 

501153* 

5588793 

6119448 

6637788 

*9 

3736671 

4403141 

5011480 

5598091 

613B174 

6646008 

19 

30 

3748115 

44138*1 

5031416 

5607379 

6,46891 

6654110 

30 

31 

37j»r43 

44144M8 

5041341 

5616656 

6155*00 

(6614*4 

3< 

31 

3771^55 

4435141 

i.05"54 

56IJ914 

6164199 

6670610 


33 

J7817JI 

4445783 

5061 15 6 

5635181 

6171990 

6678808 

33 

34 

3794131 

4456410 

5071046 

5644419 

6181671 

6686988 

34 

35 

3805698 

4467014 

5080915 

5653666 

6190345 

6695160 

35 

36 

381 7 149 

447761J 

50(079* 

5661894 

6199009 

6703314 

36 

37 

38111584 

4488113 

5 100648 

5671111 

t!07£54 

671.481 

37 

38 

3840004 

44»878t) 

5110493 

56S1318 

6116311 

6719630 


39 

385 U09 

4509350 

5110316 

5690516 

6114948 

6717771 

39 

40 

3861799 

45i*8«8 

J130148 

J 699704 
5708881 

6133577 

6735904 

40 


3874174 

4530434 

5139959 

6141.97 

6744019 

41 

43 

3885133 

4540957 

5149758 

5718049 


6753147 

41 

43 

3896878 

4551467 

5'5954« 

5717107 

6159411 

6760156 

43 

44 

3908107 

4561964 

51693*4 

5736355 

616HC06 

676^3(8 


4J 

3919511 

457144s 

51790K9 

5745494 

6i:-6j9l 

67:6453 

45 

46 

39J0811 

4581910 

5188844 

5 7J4611 

61851 58 

6784539 

46 

47 

3941107 

4193378 

5198588 

57t-374i 

6193756 

6791618 


48 

3t>53377 

4603814 

5io83io 

57-ii;.o 

630119J 

6800680 

48 

49 

3964631 

4614*57 

5118041 

57S1950 

6510^46 

6808753 

49 

JO 

3975873 

4614677 

5ii7;5* 

J79i"39 

6,-, 1938*1 

6i^i68oy 

50 

SI 

3^87098 

463508; 

J137451 

JB001I9 

6517911 

6814857 

51 

51 

399B310 

4*454 Kb 

5147140 

58091 89 

63jt447 


5* 

53 

4009506 

4655863 

51.6817 

5818150 

6344964 

}0 

Si 

54 

4010688 

4666IJI 

5-66484 

5817301 

635 J-7* 

56 

.'4 

5J 

40'i8ji 

4676590 

5i7ti39 

5836341 

636.971 

73 

55 

St 

4t3430oK 

4681935 

518571.4 

584J574 

6370461 

84 

56 

5 

4054147 

46^7167 

5195-117 

i8j43S.t. 

637*; W.' 

86 

57 

S 

406517c 

4707587 

5305040 

5 (,63409 

63874 iv 

8i 

5i 

5 

407 63 Bo 

471789. 

JJl.,«5i 

587 411 

63y;UK4i 69 | 59 

U 

4087475 

47*^1^; 

Jil4iJ3 

j88i40« 

64i;.i34i 

49 

I6e 


8o A Table of Logarithmic Verfed SiDes^* 

M id Deg. . 19 Deg 20 Deg. 21 Deg. 22 Deg. 23 Deg 


o 

X 

a 

3 

4 

5 

6 

7 
8 

9 

10 

II 

13 

13 
14 

15 

16 

17 

x8 

19 
ao 

31 

23 

«3 

34 

36 

«7 
s8 

39 
30 
31 
3a 
33 
34 
3S 
36 
37 
3S 

39 

40 

41 

42 
43 

44 
45 
46 

47 
48 

49 
50 
51 
3a 
53 
54 
55 
S6 

5" 

58 

59 
60 


|8 


.6896949 
6904921 
6912886 
6920844 
6928794 
6936736 
694467% 

^95^599 

6960520 

6908432 
6976338 
6984236 

6992127 
7000010 
7007086 

7015755 
7033617 

7031471 

7<^393Jt8 

7047158 

7054990 
706281J 

7070633 

7078444 
7086247 

7094044 

7101833 

7109615 

7117390 

7125 157 
713^9^8 
7140671 
7148418 

7156157 
7163889 
717x614 

7179332 
7187044 

7194748 

7202445 
7210135 

72i7bi8 
7225494 
7*33163 
7240825 
7248480 
7256129 
7263770 

727x404 
7279032 
7286653 
7194267 
7301874 

7309474 
7317067 
7324654 

7332233 

7339806 

7347373 

7354932 
7362485 


8.7362485 S- 
7370030 

7377570 
7385103 
739262a 
7400147 
7407659 

7415165 
7422664 

7430156 

743764* 
7445 121 

7452593 
7460059 

7467518 

7474971 

7482417 : 

7489857 
7497290 

7504716 

7512136 

7519549 
752(5956 

75 3^357 
7541751 
7549^38 

7556519 
75^3894 
7571263 
7578623 

7585979 
7593327 
7600670 

7608006 

761533^ 

7622659 

7629976 
7637286 
7644591 
7651889 
7659180 
7666466 

7673745 
762aoi8 

7688284 

7695544 
77027^8 

7710046 

7717388 

7724523 

7731752 

7738975 
7746192 

7753403 
7760607 
7767805 

77749^7 
7782183 

7789363 
7796537 
7803705 


7803705 
78T0866 

7818023 

7825 I 71 

7832314 
7839452 
7846583 
7853708 
7860827 
7867940 

7875047 
7882149 
7889244 

7890333 
7903416 

7910494 
7917565 
7924C30 
7931690 

793«743 

7945791 
7952833 

7959869 

7966899 

7973923 
7980941 

79^7953 
7994960 

8001 96 I 

8008956 

8015945 
8022926 
8029906 
8036877 

8043843 
8050803 
8057758 
8064707 
8071649 
807^587 
8085518 
8O92444 
8099364 
8106278 
8113187 
8120090 
8126988 

81^3879 
8140765 

8147646 

8154521 

8161,^90 

8168253 

8175111 

8181964 
8188810 

8195653 
8202487 
8209317 
8216143 
8222961 


8,8232961 

8339774 
8336583 

8243385 
8350183 

8256973 
8263759 
8270539 
8277314 
8284083 
8290848 
8297606 
8304360 
8311107 
8317850 

8324587 
8331318 

8338044 

8344765 
8351480 

8358190 

8364895 
8371594 
8378288 

8384976 
8391060 

8398337 
8405010 

8411677 

8418339 
8424996 

8431647 
8438294 
8444934 
8451570 
84582C0 
8464826 

8471445 
8478000 
8484670 
8491274 

8497873 
8504467 
85 I 1055 

8517639 
8524347 

8530790 
8537358 
8543921 

8550479 
8557032 

8563579 
857011! 

8576659 

8583191 
8589718 
8596240 
8602757 
8609268 
8615775 
8633277 


8.8633377 

8628774 
8633365 
8641753 

b648233 
8654710 
U661181 
8667648 
8674109 
8680566 
8687018 
8693464 
8699906 
8706343 
8712774 
8719301 
87*5633 
8732040 
8738452 

8744859 
8751261 

8757658 
8764051 

8770438 
8776831 

8783198 
87S9571 

8795939 
8802303 

8808661 

8815014 

8821363 

8827707 

8834046 

8840380 

8846710 

8853034 
8859354 
8865669 
8871980 
8878285 
8884586 
8890882 

8897173 
8903460 

8909743 
8916019 

892229X 

89*8559 
8934822 

8941080 
8947334 
^953583 
8959827 
8966066 
8972301 

8978532 
89^4757 
8990978 
8997194 
^003406 


8.9003406 
9009613 
9015&16 
9023013 
9038307 

9034395 
9040579 

9046759 

9052934 
9059104 

9P65370 

907 143 I 

9077588 

SK>83''40 
9089887 
9096030 
91C3169 
9108303 

9114432 

6130557 
9136678 
9133794 

9138905 
9145013 

9151115 

91572^3 
9163306 

9169396 

9175480 

9181561 

9187636 

9193708 

9199775 
9305837 

92x1895 

9317949 

9333999 

9230043 

9336084 

9342120 

9348153 

9254179 

9260203 

9266231 
9272235 

9278245 
9284251 
, 9190252 
9296249 
9302242 
9308231 
9314215 
9320194 
9326170 

933^141 
9338x08 
9344070 
9350029 

9355983 
9361933 
9367878 


M 

o 
I 
% 

3 

4 

5 
6 

7 
8 

9 
10 

II 

13 

13 

14 

15 
16 

17 

i9 
19 

30 
31 

33 

23 

24 

25 
26 

27 

29 

30 
31 
32 

33 
34 
3S 
36r 

37 
3^ 

39 
40 
4t 
42 
43 
44 

:i 

47 
48 

49 

50 

St 
52 
53 
54 
5S 
56 
57 
58 
59 
60 


A Table of Logarithmic Vericd Sjnes. 8i 

Ml4Deg. ajDeg. afiDeg. 37Deg. 38 Peg. 19 Deg. M 


i(i»36j878 

8.971703J 

9.0031061 

9.03 7 400 J 

9.06S3S03 

». 098 1193 

9373819 

97*1731 

OOJ733I 

0379165 

06 as 8 69 

0987176 

93797J6 

97»H14 

0061997 

0384511 

0093931 

0991057 

gjSjSS;, 

9734113 

0048460 

0389776 

0698990 

0996934 

i,3y.6ia 

9739797 

0073910 

0395016 

0704045 

l<«.809 

9Ji'7i4» 

974J47» 

00793 7J 

0400173 

0709099 

10066 8 1 

9403461 

973>iiJ 

0084817 

0405J17 

071414a 

101 1349 

9409378 

9736818 

0090176 

0410757 

0719195 

1016413 

941J390 

9761497 

009S711 

0413994 

0714138 

,011178 

9411197 

9768163 

0101161 

0411H8 

0719179 

1016138 

9417101 

9773814 

0106600 

0416458 

0734310 

1030995 

9433°°° 

9779481 

0111034 

043I6K5 

0739350 

1035850 

9*3«^'JS 

978J"3J 

0117463 

0436908 

0744361 

1040701 

97907K5 


044" 19 

0749409 

1043550 

94jo6;» 

9796431 

0118313 

0447343 

0734434 

1030393 

9*5^5 St 

9801073 

0I3373J 

0451559 

073 1.435 

1033138 

94*1*33 

$807 7" 

013913 1 

0457769 

0704474 

1060078 

9468307 

9813346 

0144364 

0461976 

0769490 

1064915 

9474177 

981S976 

0149973 

0468180 

0774501 

1069749 

9480041 

9814*03 

0153378 

04733S0 


10745^0 

948J904 

9830i>6 

0160781 

0478578 

078,518 

107940S 

94917DI 

983J843 

01 661 79 

048377' 

07S9311 

1084134 

94976IJ 

9841460 

0171374 

048S961 

=7945" 

1089056 

9303464 


0176965 

0494149 

079951 8 

1093876 

9Joy309 

'9 

0181333 

0499333 

0(104511 

1098693 

Sj'l'jo 

S3 

018773B 

0504 J 14 

0801,303 

1103507 

9J109&7 

S3 

0193119 

0509691 

0B.4491 

1108318 

9516810 

So 

019^496 

0514865 

0819476 

H13116 

9J3"48 


0103870 

0510036 

0834458 

1117931 

9J38473 

,._..Si 

0109140 

0515104 

0819437 

1111735 

9 J 44194 

9886146 

0114607 

05303(18 

0834413 

1117534 

9JJOIIO 

9891817 

0119970 

0333519 

0839386 

1I3J33' 

9J5J^« 

9897404 

oil J 330 

0540687 

o8443J*> 

1137116 

9i<i"73' 

990ii>7if 


0545841 

0849311 

114I917 

9i6Ti3i 

9908548 

0136039 

0330.^3 

08541B6 

I 146703 

9J 73333 

9914114 

014.38, 

0356141 

0859147 

1131491 

PJ79131 

9991676 

0146733 

0561186 

OB 64104 

1136174 

95^4913 

9913=33 

0151077 

0366418 

OS69159 

1161034 

^J907" 

9930790 

015 7416 

0571366 

0874IH 

I163831 

9i9«495 

9936341 

oi6i;5i 

0376701 

0079059 

1170606 

96on;j 

99418^8 

0268084 

0381833 

"llf^i 

1175377 

gmou 

9V47431 

01734U 

0386961 

0K8894S 

1180146 

9613813 

9951971 

0178738 

03 u 1088 

Oj!,j«87 

1184911 

96:9591 

9938508 

0184039 

0597110 

0898814 

II 89675 


9964041 

0183378 

0601319 

090375 if 

11944J6 

96J1114 

99695(9 

0194691 

0607445 

O9caoii8 

I199IP3 

9636870 

9973093 

0300004 

oS115iS 

0913^16 

II0394B 

9641611 

9980616 

0305311 

0017068 

Oyia541 

11087*3 

9648370 

9BS6134 

oj'ioeis 

0611774 

0913461 

n 13449 

p6j4"4 

9991648 

o,;«39i7 

0617877 

o9iJ3«i 

1118196 

96598J4 

9997138 

0311113 

0631977 

0933^97 

1111939 

9065390 

9-0001663 

0316309 

0638074 

09361.0 


9671311 

0008168 

0331800 

0643168 

0943 'iO 

1131419 

9677050 

0013667 

03370SB 

0648158 

0949017 

1137154 

y6a.774 

0019 I 63 


0653346 

0951931 

1141887 

^S8494 

0014653 

03476J1 

"638430 

09571131 

114661; 

9694ilo 

0030144 

0351930 

06635 II 

C901730 

■1J1344 

969y>" 

0035618 

035810s 

0668589 

0967615 

1156068 

97036 JO 

0041 109 

0363474 

0673663 

Oy7i3>7 

H6079C 

li655bt 

97ii3Ji 

00463 8? 

0368741 

067873J 

0977400 

9707OJJ 

. eojia6i 

037003 

0683E03 

0j4i»}i 

i»;oii; 


82 


A Table of Logarithmic Verfed Sin^. 


M joDcg. 3iDcg. saDeg. SS^^g* 34l>«g* 3JDcg- M 


o 

I 

2 

2 
4 

5 
6 

7 
S 

9 

10 
XI 
XI 

13 
X4 

15 
i6 

17 
i8 

19 
ao 

ar 
ai 

a3 
a4 

aj 
a6 

a7 
a8 

a9 

30 
31 
3» 
33 
34 
35 
36 
37 
38 

39 
40 

41 

4* 
43 
44 
45 
46 
47 
48 

49 
50 

51 

5a 
53 
54 
5S 
S6 

57 
58 

59 
60 


9.1170115 

1174938 

9.1548276 

1551831 ) 

1179649 

1557381 ; 

1184356 

J561931 

i28</36i 

1566477 . 

1193764 

I57102I 

119^464 

1575561 

1303161 

ijSoioi 

1307855 

1584637 

6312547 

1589x71 

1317135 

1593701 

1321911 

159B230 

1326605 

1601756 

1331286 

1607180 

1335964 

1611800 

1340639 

j 1616319 

1345311 

[ 1620835 

X349981 

: 1625348 

1354648 

1629859 

1359313 

i 1634367 

1363975 

\ 1638873 

X368634 

i 1643376 

1373290 

i 1647876 

1377944 

i ^652374 

1381595 

1 1656870 

1387244 

X661363 

1391889 

X665854 

1396532 

1670341 

1401173 

XI74828 

1405 811 

1679311 

1410446 

168379X 

141507? 

X688169 

1419708 

X692745 

1414335 

16971x8 

1418960 

X 701689 

1433581 

I 706 15 7 

1438101 

1710623 

1441817 

X 7 15086 

144743 I 

I 7 19547 

1452041 

X 714005 

145665 I 

X71846X 

1461257 

X732914 

1465861 

1737365 

1470461 

1741813 

1475060 

X 746259 

1479655 

1750703 

1484248 

I755I44 

1488838 

1759581 

1493426 

I 7 6401 8 

1498011 

1768452 

I5025P4 

1772883 

1507 I 74 

X777312 

1511751 

. X781738 

15 16316 

X786162 

I52089S 

1790584 

1525467 

X 795003 

1530034 

X799419 

1534599 

1803833 

1539161 

X 808245 

1543720 

I8I2655 

1548176 

18x7061 


9,i8x7o6i 
X821466 
X825868 
X830268 
X 834665 
X839060 
X843452 
1847842 
1852230 
1856615 
X 860998 
X865378 
X869756 

X874132 
X878505 
1882876 
X887245 
X8916XI 

1895974 
X900336 
X904695 
X 90905 I 
X 91 3406 

X9I7758 

X911I07 

X916454 
X930799 
1935 14* 
X939482 

19438x9 

I948I55 
X952488 

X9568I9 

X96II47 

X965473 
X969797 

X974XI8 

X978437 

19^*754 
X987068 

X991380 
X995690 
1999997 

2004302 
2008605 
2012906 
2017204 
202x499 
2025793 
2030084 

2034373 
2038660 

2042944 

2047226 

2051506 

2055783 
2060058 

2064331 
2c686o2 
2072870 

ao;7i36 


1077x36 

108x400 

1085 66x 

1089910 

2094x77 

2098431 

2x01684 

2x06934 

21x1182 

21x5428 

2119671 

2123912 

1128x51 

2132388 

2136622 

2x40854 

2x45084 

21493" 

^15^537 
2157760 

2x61981 
2x66x99 
21 70416 
2174630 
2x78842 
2183051 
2187259 
2x91464 
2195668 
2x99868 
2204067 
3208263 
2212458 
2216650 
2220839 
2225027 
2229211 

*233396 

2237577 

2241755 
2245931 

2250x06 

2254179 

2258449 
22626x7 

2266782 

2270946 

2275107 

2279*266 

2283423 
2287578 
229173X 
2295881 
2300029 

2304175 
2308319 

2312461 

2316601 ; 
232073$ ; 
2324874, 
2329007 


9.2319007 
2333139 

'a337267 

234x393 
2345518 

23496401 

2353761 

1357879 
2361995 

2366 109 

2370221 

2374330 
2378438 
2382543 
2386647 
2390748 

2394847 
239«944 
2403038 
2407x31 

24XX2X2 
24153x0 

5419396 
242348X 

2417563 
143x643 

2435 7 2X 

1439797 
1443871 
1447942 
24520x2 
2456079 
2460145 
2464208 
2468269 
2472328 
2476385 
2480440 

2484493 
2488544 

1491593 
2496640 

2500684 

2504727 
2508767 

2512806 
25 I 6 842 
2520876 

2514909 
2528939 

1531967 
1536993 
2541017 

15450'39 
2549059 
1553077 
1557093 
25*6 1107 

15 65 1 19 
1569128 

I573i3i6 


92573^36 o 
1577x42 I 

i58xx45 1 

2585x47 3 
2589x47 4 

2593*44 5 
2597x40 6 
»6oii33 7 
2605x25 S 
26091 14 9 
2613102 10 
2617087 II 
1621071 1% 
1625052 13 
2629032 14 
2633009 15 
1636985 16. 
2640958 17 
2644929 iS 
2648^99 19 
2652866 20 
2656832 %i 
2660795 a» 
1664757 23 
26687x6 24 
2671674 25 
2676629 26 
2680583 27 

' 1684534 18 
2688484 29 

1691431 30 
1696377 31 

2700321 32 

2704262 33 

2718202 34 

27x2x40 35 

2716075 36 

3720009 37 

1713941 $S 

171787X 3^ 
1731799 40 

^735725 4X 
1739649 4» 
1743571 43 

1747491 44 
1751409 45 

^7SS3'iS 46 
1759139 47 
1763151 48 
176/062 49 
2770970 50 
1774B76 51 
27787fax 52 
2782683 S3 
1786584 54 

17904*3 55 
1794380 56 
2798274 57 
28021 67 s^ 
2806058/59 

180994716(1 


A Table of Logarithmic Verfed Sinds. 8^ 


M 36Deg. 37Dcg. 38 Deg. 59 Deg: 40 Deg. 4r Deg. 


o 

z 
a 

3 

4 

5 
6 

7 
8 

9 

10 

II 
12 
13 

14 

15 
16 

17 
18 

19 

ao 
21 

24 

a6 

27 

28 

29 
30 

31 

3* 
33 

.34; 

SS : 
36 

37 
3B 

39 
40- 

41 

42 

43 
44 
45 
46 

47 
48 
49 
50. 
5^: 1 
5« \ 

53 ^ 

54 ; 

55 ♦ 
56. 

57 ' 
58, 

OQ ; 


,,2809947 

2813834 
2817720 
2821603 

2825484 
2829364 

2833241 
2837117 
2840990 
2844862 
2848732 
2852600 
2856466 
2860330 
2864192 
2868053 
2871911 
1875768 
2879622 

2883475 
2887326 

2891x75 
2895022 
2898867 
2902711 
2906552 
2910392 
2914229 
2918065 
2921899 
2925731 
2929561 

2933390 
2937^16 

2941041 

2944863 

2948684 

495*503 
2956320 

2960136 

2963949 
2967760 

2971570 
2975378 
2979184 
2982988 
2986790 
2990591 
2994389 
2998186 
3001981 

3005774 
3009565 

3013355 

3017142 

^020928 
3024712 

3028494 
3032274 

30 39829 


9.3039829 
3043604 
3047376 
305 J 148 

3054917 
3058684 
3062450 
3066214 
.3069976 
3073736 

3077494 
308 I 25 I 
3085006 
3088759 
3092510 
3096259 
3100007 
3103752 
3107496 
3i"238 

3114979 
3118717 
3122454 
3126189 
3129922 

' 3^^3^54 
3137383 
314111^ 
3144837 
3148561 
315*^84 
3156005 

31^59724 

3163441 
3167156 

3x70870 
3174582 
3178292 
3182000 
3185706 
3189411 
3193114 
3196815 
3200515 
3204213 
3207909 
3211603 

3i^5^95 
3218986 
3222675 
3226362 
3230048 

3233731 

3237413 
3241094 

3244772 

3248449 
3252124 

3'i55797 
325946i» 
3263138 


9.3263138 

9.3480205 

3266806 

3483772 

3270473 

3487337 

3274137 

3490900 

3277800 

3494462 

328I46I 

3498022 

3285I1I 

1 3501580 

3288778 

i 3505^37 

3292434 

i 3508692 

3296089 

3512246 

3299741 

3515798 

33033^2 

3519348 

33*704i 

3522897 

3310688 

3526444 

' 3314334 

3529989 

3317978 

3533533 

3321620 

3537075 

3325261 

i 3540615 

3328900 

1 3544154 

3332537 

3547691 

3336172 

355x227 

3339806 

3554761 

3343438 

3558293 

3347068 

3561824 

3350697 

35^5351 

33543^3 

3568880 

3357949 

3572406 

336157* 

3575930 

33^5^94 

3579453 

3368814 

3582974 

3372432 

3586494 

3376049 

3590GII 

3379664 

35935'^'^ 

3383278 

3597042 

3386889 

3600555 

3390499 

3604067 

3394107 

3607576 

33977M 

361 1084 

3401319 

361459X 

3404922 

3611*096 

3408524 

3621599 

3412124 

3625 lOI 

34*5722 

3628501 

3419319 

363210b 

3422913 

3635597 

3426507 

3639092 

3430098 

'3642586 

34336^^ 

364(^079 

343727^ 

3649569 

3440863 

3653058 

3444448 

3656546 

3448031 

3660032 

345x612 

36635x6 

3455x92 

3666999 

3458770 

3670480 

3462347 

3673959 

3465922 

3677437 

3469495 

3680914 

3473067 

[ 3684389 

3476637 

I 3687862 

348020^ 

\ 369^334 


'9.3691334 
3694804 

3698272 
370x739 
3705205 

3708669 

37x2x31 
37x5592 
37X905X 
3722508 

37'^5965 
37294x9 
373287* 
37363^3 
37i9773 
3743221 
3746668 

3750Xf3 

3753557 

3756999 
3760440 

3763879 
37673x6 

377^75'^ 
3774186 
37776x9 
•378x050 
3784480 
3787908 

3791335 
3794760 

37981^4 
3801606 
38050x6 

3808445 
38x1863 

3815279 
38x8693 
3822106 

38255x7 
3828927 

3^3^335 
3835742 

3839x47 
384255X 
3845953 
3849354 
3852753 
3^5615^ 

3859547 
3862942 

3^667,^5 

3869727 

38731x7 
3876506 

3879893 
3883278 
3886662 
3890045 I 
3893426 1 
3896S06 • 


M 

o 

I 

2 

3 

4 

5 
6 

7 
8 

9 

10 

II 

12 

X4 

15 
16 

X7 
18 

X9 

20 

21 

22 

23 
24 

25 
26 


9.3896806 
3900184 

3903561 
3906936 
3910309 
39x3682 

3917052 
3920421 

3923789 

39'^7^55 
3930520 

3933^^3 

3937245 
3940605 

3943964 

394732X 

3950677 

395403X 

3957384 

3960735 
3964085 

3967434 
3970781 

3974x26 

3977470 
39308ii 

3984154 

3987493 27 

3990i>3t 28 

3994168 29 

3997503 30 

400083^ 31 

4004169 32 

4007500 3^ 

4010829 34 

40x4x57 35 
4017484 36 

4020809 1 37 

4024x32 138 
4027454139 

4030775 :40 
4034094 Ux 
4037412 42 
4040728 ;43 
4044043 ;44 
4047356 45 
4050668 46 

4053978 47 

4057287 48 

4060595 49 

4063901 50 

4067206 51 

4070509 52 

4073811 53 

4077111 54 

4080410 S5 

4083708 56 

4087004.57 
4090298 58 

409359X 5^ 
4096883 60 
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A Table of Logarithmic Verfed Sine* . 


4? Dcg. 43 Dcg. 44 Dcg. 45 Dcg. 46 Dcg. 47 Peg, I M 


9 

XQ 
II 
12 

13 
14 

J5 
16 

17 
18 

?9 
ao 

ai 

7.2 

a4 

a6 

a7 
a8 

49 

30 

3« 

3^ 

33 
34 
3S 
36 

3: 
38 
39 
4'^ 
41 
42 
• 43 
44 
45 
46 

47 
48 

49 
50 

51 

53 
54 
55 
56 

57 

$9 


8.4096883 
4icx>l74 
4103462 
4106750 
41IC036 
4113321 
4116604 
4119885I 
4113166 
4126445 
4129722 

413^998 
413^273 
4139546 
4142818 
4146088 

4149357 
4152625 

4155891 


pi 

4159156I 
4162419 
4165681 
4168942 

4172201 

4175459 
41787IS 
4181976 

4185223 

4188475 
4191726 

4194975 

4198223 

410x470 
4204715 
4207959 

42II20I 

4214442 

4217681 

4220920 

4224156 

4227392 

4230026 

4233^581 

4237089 I 

4240310* 

4243548 
4246775 

4250000 

4253225 

4256447 ' 

4259669 

4262889 

4266108 

4269325 

4272541 

427575<^ 
4278969 I 

4282181 , 

4285392 ; 
4288601 j 
4291809 ' 


9.4291809 

4295015 
4298220 

4301424 
4304626 

4307827 

4311027 

43M225 
4317422 I 
4320617 I 

4323811 
4327004 
4330196 
4333386 

4336574 
4339762 

4342948 

4346133 
4349316 

4352498 

4355678 

4358858 

4362036 

4.65212 

4368387 

437 15 61 

4374734 

4377905 

4381075 

4384243 

4387411 

4390576 

4393741 

4396904 

4460066 

4403227 

4406386 

4409544 
4412700 

4415855 


4419009 


44221 


62} 

4425313 1 

4428463 

4431611 

4434758 
4437904 I 
444104S» j 
4444192 

4447334 
4450475 
4453614 
4456752 
4459889 
4463024 

4466158 
4469291 

447^422 

447555^ 
4478681 

4471808 


1. 448 1 808 I 9 

4484934 
4488059 

449 I I 83 
4494305 
4497426 

4500546 
4503664 
4506781 
4509897 

4513011 

4516144 

45I9*3<5 

4522346 

45^5456 

4528564 

4551670 

4534776 
4537880 
4540982 j 
4554684 I 
4547184 
4550283 ' 
4553380 
4556477 

455957* 
4562665 

4565758 1 
4568849 

4571939 
4575627 

4578115 
45 8 I 201 
4584286 
4587369 
4590451 

459353a 
4596612, 

4599690 
4602767 
4605843 
4608918 
4611991 
4615663 

4618134 
4621203 

4624271 
4627338 
4630404 
4633468 
4636531 

4639593 
4642654 

4645713 
4648771 
4651S28 
4654884 

4657938 
4660991 
4664043 
4667093 


.4667093 
4670142 
4673190 
4676237 
4679283 
4682327 
4685370 
4688412 
4691452 
4694492 

4697530 
4700566 
4701602 
4706636 
4709669 
4712701 

4715732 
471876? 

4721789 
4724816 

4727841 
4730866 
4733889 
4736911 
4739932 
4742951 

4745969 
4748986 
4752002 
4755016 
4758030 
4761042 
4764052 
4767062 
4770070 
4773078 
4776083 
4779088 
4782092 

4785094 
4788095 

4791095 

4794093 

4797091 

4800087 

4803082 

4806075 

4809068 

4812059 

4815049 

4818038 

4821026 

4824012 

482^997 

4829981 

4832964 

4835946 

4838926 

4841905 
4844883 

4847860 


4847860 
4850836 
4853810 

4856783 
4859755 
4862726 
4865696 
4868664 
4871631 

4874597 
4877562 
5880525 
4883488 
4886449 
4889409 
4892^68 
4895326 
489b282 
4901237 
4904 I 91 

4907144 
4910096 

4913046 
4915996 

4918944 
492189I 

4924^36 
4927781 
4930724 
4933667 
4936608 

4939547 
4942486 

4945424 
4948360 
4951295 
4954229 
4957162 
4960093 
4963024 

4965953 
4968881 

4971808 

4974734 
4977658 
4980582 

4983504 
4986425 

•49^9345 
4992264 

4995 l8» 

4998098 

5001013 

5003927 

5006840 

5009752 

5012663 

5015572 
5018480 

5021388 
5024294 


.5024294 I 
50271981 X 
5030102 I .» 

5033005 ; '3 
5035906! 4 

503S806 . 5 

5041705 ■ 6 

5044603 7 

5047500 8 

5050396 9 

5053290 10 

5056183 ik 

5059076 12 

5061067 13 

5064857 14 

5067745 15 

5070633 16 

50735^9 17 
5076:^05 18 

5079289 19 
50JJ2172 20 
5085054 21 
5087934 22 
< 5090814 23 
5093693 24 
5096570 25 
5099446 a6 
5102321 27 
5x05195 a8 
5108008 IQ 
5 1 10940 30 
5113810 31 
51 16679 3* 

5119548 33 
5122415 ;34 
5125281 .35 
5128146 136 
5131009137 
5153872 33 
5136734 39 
5139594 4* 
5142453 4? 
5x45311 42 
5148168 43 
5 15 1024 44 
• 5153879 ,45 
5156733 4^ 
5159585 47 
5162436 48 
5165287 49 
5 I 681 36 50 
5170984 51 

5173831 52 
5176677 5i 
5179521 54 

5182365 }55 
5185207156 

5188049'; 57 
5190888 58 

5193728. 59 
5196566 • ^. 


A Table of Logarithmic Verfed Sines. 8j 

M 48 Dcg. 49Deg. JoDeg. jiDcg. Ji Deg. r^ Deg. M 


9.JI96J66 

9-5 3*483 9 

9 

JIV"40j 

5367611 


J10213V 

53703S1 


5*05073 

53731J' 
5375919 


3ii073» 

5378686 
5381451 


511640. 

5384118 


J»l»930 

J386pli^ 


jiitojB 

5.3S9745 


Jil48»; 

3391507 


5127711 

5395168 


5130536 

5398017 


J133J59 

5400786 


513618^ 

5403544 


5»3yo03 

5406301 


51418^3 

5409056 


3^4643 

5411811 


J 147461 

5414564 


5150*78 

5417317 


5153094 

5410068 


515590B 

5411818 


315K711 

541336B 


5i'i'53i 

5418,16 


5i643.)6 

J43'o«3 


5167157 

3433809 


3165,966 

54311334 


5»7*7!4 

5439198 


5175581 

5441041 


ji7B38« 

5444783 


5181I93 

5447J14 


518399! 

5430164 


5186799 

5453001 


5189601 

5455740 


5191401 

5458477 


5»93W 

54611I1 


J19B0C0 

5463947 


5300797 

5406<Sgl 


530359'l 

5469413 


53063 S9 

5471145 


53°9l83 

5474S75 


J3i'976 

3477604 


53W768 

3480333 


53"75J9 

5483060 


5310349 

3483786 


3313137 

54885 II 


53^59*5 

3491136 


53187H 

5493939 


J33«97 

5496681 


5334181 

3499401 


533706J 

5501111 


5339847 

5504841 


534161K 

5507559 


i34J4cE 



3348187 

5511991 


5350965 

5515706 


335374' 

5518410 


335 1*5 J 8 

5511133 


5339193 

5513845 


53"o67 

55 1655 J 


;3<14839 

33 y 165 



■5519163 
3331974 
5534681 
5537388 
5540094 
5541798 

5548104 
5550906 
5553606 
5536306 

5555^4 
5561701 
3564398 
5367093 
55697 87 
5571481 
5575173 
3377864 
35aojjj 
3383144 
3385931 
55B8619 
5391303 
559.WI 
5596675 
5399338 
5601040 
56047H 
3607401 
5610080 
5011759 
S613436 
361BIJ1 ; 
5610787 ■ 
5613461 
5616134 
3618806 
3631477 
5634147 
5636*61 
J639484 
364115 1 ' 
5644817 
56474B1 
5630146 
5631809 . 
5635471 
5638131 
5660791 
566345 1 
5666109 
5668766 
5671413 
5674078 
5676731 
5679385 
5681037 
5684688 
5687338 
368998?. 


3683987 

95847139 

3691635 

5849719 

3695181 

■5851318 

5697918 

5854905 

5700573 

5837491 

5703118 

saeooyS 

3705S61 

5861663 

5708503 

5865.47 

5711144 

5867830 

5113784 

387041* 

5716413 

, 5871993 

57iiM^l 

.'-"■■73 

5711699 

53 

5714335 


5716970 

38 

5719605 

aj 

5731138 


3734870 

3891034 

3737501 

5S93608 

5740131 

58961S1 

5741761 

3898751 

5745390 

5901313 

5748017 

5903893 

57S0643 

5906461 

5753169 

3909019 

5755893 

5911596 

5738517 

591416* 

3761139 

5»l67i7 

3763761 

J919191 

3766381 

5911834 

576.;ooi 

3S>14417 

3771610 

3916978 

5774137 

59'!538 

5776054 

. 5931098 

5779470 

3934656 

5781083 

3937114 

37^4698 

5939770 

3787311 

594131* 

37B9S13 

5944881 

5791534 

3947434 

5795144 

3949987 

5797753 

5951539 

5800361 

5933090 

3801968 

3957640 

5803574 

5960189 

5808179 

5961737 

3810783 

5963185 

5813386 

596 7831 

5813988 

3970376 

5818589 

397»9il 

581J190 

5973464 

5813789 

59780C7 

5816387 

5980549 

5818985 

59^3089 

5831581 

J 983 6 19 

5834176 

5988168 

5836771 

5990706 

5839364 

5993143 

5841957 

5993 7 79 

5844549 

5998314 

^847139 

6cociU? 


6008446 
6010977 
6013506 

6018563 
6011090 
6013616 

6018665 
603II8S 
6033710 

6o36a3« 
6038751 

6043791 
6046308 
604S815 


6068917 
6071436 
6073943 
6076430 
6078956 
6081461 
6083965 


35 


38 


6091471 
6093971 
6096471 
6098971 

6103965 

610646 I 

6108956 

6111451 144 

6113944! 45 

61 16436 I 4^ 

6.18918147 

611141848 

6113908 '49 

611639; ■ - 

611K885 

6131371 

6133858 

6136343 

6138817 

6141311 

6143793 

614OI75 

6148755 
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A Table bf L(^rtthniic Verfed Sines. 


H. §ADeg, SjDeg. s6Deg. j? D<^. j8 Deg. f> Deg. M 


6IS37M 

616114O 
616J611 
6166096 
£168369 

*l7598j 
61784JI 

6iSi^6o 
6188J16 
6190791 
6i9jaj6 
61957x0 

6103107 
6w>JJ«7 
6108016 
61104SJ 
611194.I 
6»I540O 
61IJ855 

A4117S5 

6«j»i8 

6117670 

6a3joa» 

6137471 

6141367 
6144813 
6147158 
6140703 
6151147 
6154; £9 
*«J703i 
•a5»473 
6161913 
6l«43Ji 

61691:8 
6«ji66j 
6174101 
6176,^36 
6178970 
6181403 
6183836 
6i86ie; 
61SS698 
4191 ii3 
6I93SS7 


9.61984" 
63008)8 

6303164 
fl3036Sg 

6joaii» 

*3IOj3i 

63119/7 
6315378 

63 '7799 
63«>ii« 

•311637 
63 1305 J 
6317471 
6319888 
6351303 
633*717 
6337131 

634195^ 
6344360 
634677* 
6349'" 


6390011 
6391406 
6394S00 
6397191 
6399583 
6401974 
•404 364 
6406753 

6711528 
64 139 I 4 
64163DO 
641868; 
£411068 
64134^1 
641J834 

6430596 
6431973 
643J3J4 
6437732 
6440109 
6441486 


9.6441486 
6444861 
6447136 
6449610 
6451983 
«454355 
6436716 
6459097 
6461467 
6463836 
6466104 
6468571 
6470937 
64733C3 
6475667 
6478031 
6480394 
6481737 
6485118 
8487479 
6489839 

I «49"P7 

1 6494556 
6496913 

. 6499169 
6501615 
6503980 
6506334 
65o86«7 
65 1 1039 
6513391 
«5«74l 
6318091 
6510441 
65 "789 
6jlji;6 
6517483 
6519819 
653"74 
6534J18 
6536801 
6539 l°4 
6541546 
6343887 
6j4»"' 
6548566 
6550904 
6553143 
65555 7P 
6J579'5 
6560150 
6563585 

i 6364918 
6567151 

! 6869583 
6571914 
65 74145 
6576574 

6581131 
6583338 


6j»8iio 
6590535 
6391858 
6595181 
6597504 


6718558 
6730835 
6733110 
67 35 J 85 


6599815 

6737639 1 

6601146 

67399J3 1 

6604466 

«74iioj 1 

6606783 

6744476 

6009JQ3 

6746747 

6611411 

6749017 

6613737 

<175"87 

6616033 

675JJ55 

6618368 

6755813 

66VK.83 

6758090 

6611996 

6760336 

6615309 

6761611 

6617011 

6764886 

6619931 

67671JO 

6631141 

'-'-13 

6634551 

r6 

6^36860 

p 

6639168 

)8 

6641475 

iS 

6643781 

17 

6146087 

?6 

6648391 

, . i4 

6650696 

6 78 749 I 

6651999 

6789747 

6655301 

679«»i 

6657603 

6794137 

6659903 

6756511 

6661103 

6798764 

6664501 

6801016 

6666801 

6803168 

666901,8 

6805519 

667139J 

6807769 

6673691 

6810018 

6*75986 

68iM6i 

6678181 

68145 14 

6680374 

6816761 

6681867 

6819007 

6683139 

6311153 

6687450 

6813498 

6689741 

6815741 


6817985 

6694)19 

'"--17 

6696607 

S9 

6698895 


6701181 


6703467 

5? 

6705751 

18 

6708036 

,. is 

6710319 

6845901 

67116C1 

6848139 

6714884 

6850374 

6717163 

6851609 

6719445 

6854E43 

67117IJ 

68J7076 


p. 685 7076 
6839309 

686I54I 
•863771 
6866001 
6868131 

6 8 70460 
6871688 
6874913 

687; I4« 
6879368 
6881393 
6883S17 


A Table of Logarithmic Vcrfed Sines. 87 


M 60 Deg. 61 Deg. 


• 

9.6>^89700 

I 

69918S8 

% 

6994075 

3 

6996271 

4 

699844.7 

5 

7000631 

6 

7002816 

7 

7004999 

8 

700718a 

9 

7009363 

10 

70I1545 

II 

7013725 

la 

7015905 

13 

. 7018084 

14 

702026a 

15 

7022439 

16 

7024616 

17 

7026792 

18 

7028967 

19 

703114a 

ao 

7033316 

21 

7035489 

aa 

7037661 

43 

7039833 

a4 

7042004 

aj 

7044174 

a6 

7046344 

»7 

7048513 

a8 

7050681 

29 

7052848 

30 

7055015 

3' 

7057180 

3» 

7059346 

33 

7061510 

34 

7063674 

35 

7065837 

36 

7067999 

^z 

7070160 

38 

7072321 

39 

7074481 

40 

707664X 

41 

7D78799 

4a 

7080957 

43 

70B3115 

44 

7085271 

AS 

7087427 

46 

708958a 

47 

7091736 

48 

7093890 

49 

7096043 

50 

7098195 

51 

7100346 

5» 

7102497 

53 

7104647 

54 

7106797 

5S 

7108945 

56 

71 I 1093 

57 

7113240 

58 

7115^87 

59 

7117532 

60 

7119677 


9.7II9677 
712182a 

7123965 

7126108 
7ia8^50 
7130392 
7132533 
7134673 
7i368iia 

.71389^1 
7141089 

7i43aa6 

7*4536a 

7147498 
7^^49633 
7151768 

7153901 
7156034 
7158166 
7i6oa98 
7162429 

7164559 
7166688 

7168817 

7170945 

7173072 

,7175199 

7177325 
7179450 

7181575 
7183698 
7185 821 

7187944 
719OC66 
7192186 

7194307 
7196426 

7198545 
7200663 

7202781 
7204898 
7307014 
7209129 
7211244 
7213358 
7215471 
7217584 
7219695 
7221807 
7223917 
7226027 
7228136 
7230244 
7232352 

7234459 
7236565 
7238671 
7240776 
7242880 

7244984 
7247087 


6a Deg. 6^ Deg. 64 Deg. 65^ Deg. 


7247087 
7249189 
7a5ia90 

7253391 
7255491 
7257591 
7259689 
7a6i787 
7263885 
7a659tfi 
7268077 
7a70i7a 
7272267 
7174361 

7276454 
7278546 

7280638 
7282729 
7284820 
7 2869 IP 
2288999 
7291087 

7^93175 
7195262 

7297348 

7299434 

73015 19 
7303603 

7305686 

7307769 
7309852 

7311933 
73140x4 
7316094 

7318174 
7320252 
7322331 
7324408 
7326485 
7328561 
7330636 
7332711 

7334785 
7336858 

7338931 
7341CQ3 

7343074 
7345145 
7347215 
7349284 
735^355 
7353421 
7355488 

7357555 
7359621 
7361686 

7363750 
736^5814 
7367878 
7369940 
7372002 


.737200a 

7374063 

7376ia4 

7378184 

7380243 
7382301 

7384359 
7386416 

7388473 
7390529 
739*584 
7394638 
739669^ 

7398745 
7400798 
7402850 
7404901 
7406951 
7409001 
7411050 
7413099 
7415 146 

7417193 
7419240 
7/^21286 
7'42333i 
7425375 

7427419 
7429462 

74315OS 

7433547 
7435588 
7437628 
7439^68 

7441707 
7443746 

7445784 
7447821 

7449857 
7451893 

7453928 

7455963 

7457997 
7460030 

7462063 

7464095 

7466126 

7468156 

74701&6 

7471216 

7474244 
7476272 
7478299 
7780326 
7482352 

7484377 
7486402 
7488426 

7490449 
749247* 
7494494 


9-7494494 
7496516 

7498536 
7500556 
7502576 

7^04595 
7506615 

7508630 

7510647 
7512663 

7514679 
7516694 

7518708 

7520721 

7522734 

7524746 

7526758 

7528769 

7530779 
7532789 
7534798 
7536806 

7538814 
7540821 
7542828 
7544833 
7546839 
7548843 

7550847 
7552850 

7554853 
7556855 
7558856 
7560856 
7560856 
7564856 
7566854 
7568852 
7570850 

7572847 

7574843 
7576838 

7578833 
7580827 
7582821 

7584814 
7586806 

7588798 
7590789 

7592779 
7594769 
7596758 
7598746 
7600734 
7602721 

7604707 
7606693 
7608679 
7110663 
7612647 
76jt4^o 


1.76x4630 
7616613 

7618595 
7620577 
7622557 

7624537 
7626517 
7628496 
7630474 
7632452 
7634429 
7636405 
7638381 
7640356 
7^2^30 

7644304 
7646277 
7648250 
7650222 
7652193 

7654164 
7656134 
7658103 
7660072 
7662040 
7664007 

7665974 
7667940 

7669906 

7671871 

7673835 

76757-99 
7677762 

7679725 

7681687 

7683648 

7685608 

7687568 

7689528 

7691486 

7693444 
7695402 

7697359 
7699315 
7701271 

7703225 
7705180 

7707134 
7709087 
7711039 
7702991 

7714942 
7716893 
7718843 
7720792 

7722741 
7724689 

7726636 

7728583 

7730530 

773WZ5 


M 

o 

I 
% 

$ 

4 
5 
6 

7 
8 

9 
10 

II 

12 
13 
14 
15 
16 

17 
18 

19 

20 

21 

22 

23 
24 

25 
26 

27 
28 

29 

30. 
31 

32 

33 
34 
3S 
36 
37 
38 

39 
40 
41 
42 

43 

44 

45 

46 

47 

48 

49 

50 

51' 

52 

53. 
54 
55 
S6 

57 
58' 

59' 
6c^ 
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Deg. 69 Deg. 70 Deg. 71 Deg, U 


66Deg. 

57 Deg. 

&s 

9.773*475 

V.7M090 9. 

77344M> 

_a g 


77363*^ 

6 


773830B 



;7«i=»st 



774»'M 



7744I36 



7746077 



774801s 



774993^ 

.3 


77ii»9« 



77i3»36 

^9 


77JJ77J 



77i77" 

787MJI 


7759649 

, 7874751 


T7(ilj«t. 

7876651 


7763511 

787855" 


7765457 

7880450 


776739' 

7B81348 


776931J 

7884146 


777"5« 

788(1143 


7773'9' 

7888039 


7775>'>3 

)a8i,935 


7777055 

781,1830 


7778985 

7893715 


7780916 

7895618 


7782845 

7''975ii 


7784774 

7«99405 


7786703 

790111,7 


77S8630 

7903188 


7790518 

790J07!> 


779*484 

7906970 


7794410 

790885B 


7796335 

7910749 


7798160 

7911673 


7800164 

79 '45 15 


7801108 

7916413 


7804031 

7918300 


7805953 



7807875 

7911071 


780,796 

7923956 


78117J6 

7915841 


7S'3636 

7917715 


78'55iJ 

79i9'i°8 


7SI7474 

793149' 


J6I939» 

7933373 


7811309 

7915*54 


7g23"6 

793 T 135 


7815143 

7P390'5 


7817058 

7940S9J 


7818973 

794*774 


78308*8 

7944653 


7831S01 

7946531 


7834715 

7948408 


7816617 

7950185 


7838539 

7952161 


78404^0 

7954037 

7841361 

19559'-^ 


7957786 

7846181 

7959660 

,8480510 

7901533 



79'S'533 

9 <«07*S6o 

9.81S1116 

9 

7!>63406 

8074698 

8183930 


7965178 

8076536 

8185733 


7967149 

8078371 

B187536 


79690*0 

80H0108 

8189338 


7970890 

80B1044 

8.91110 


7971710 

8083879 

819I94I 


7974619 

8085713 

8194741 


797*498 

8087547 

I..96541 


7978366 

8089380 

8ia83*4l 


7980133 

8091113 



7981100 

8093045 

8101038 


7983966 

8094S77 

8103736 


7»3583» 

80.J6708 

8105533 


79876^7 

8098538 

8107330 


7989561 

8100,68 

8109116 


7991415 

8101197 

8110911 


7993*88 

8104016 

8111717 


7995 '5' 

8105854 

8114511 


799 701 J 

8107681 

81.6305 


7998871 

8109509 

8118099 


8000715 

81 11335 

8119891 


itooi59<S 

Iiii3l6r 

8ii5684 


8004456 

8114986 

8113475 


8006315 

8116811 

8125166 


8008173 

81 18635 

8227057 


8010031 

8110459 

8128847 


8011889 

8111181 

B130636 


8013746 


8131415 


8015601 

81159*6 

8134114 


8017458 

8117748 

8136001 


8019313 

8119569 

8*37789 


S011167 

8131389 

8*39576 


8013011 

8133108 

8141361 


8014875 

8135017 

814J147 


80167 iS 

Bi-,6S46 

8144931 


8018580 

8138664 

gi46;,7 


8030431 

8140481 

8148501 


8031183 

8141198 

81S0184 


8034133 

8144114 

8113067 


8035983 

8145930 

8153849 


803783* 

8147745 

8155631 


Eo39fiiJi 

8149560 

815741* 


8041519 

8 '5 1374 

8159193 


804J377 

8153187 

8160973 


8045*14 

8155000 

S161753 


8047070 

8156811 

8164531 


80489.6 

8158614 

8166310 


8050761 

B 1 60435 

9]68o}i8 


80J160S 

8161146 

8269866 


"054451 

8:64056 

8271641 


8056194 

8165866 

8173419 


8058.37 

8i6;<l75 

8175194 


8059980 

8169483 

■ 8176970 


8061811 

8171191 

8178744 


8063663 

8173098 

8:80518 


6-065503 

B174905 

8181291 


8067344 

8176711 

8J84O..5 


8069183 

81^8516 

818J837 


8071011 

XiSoiii 

818-609 


eo7a£6o 

il.Zi.ilQ 

8185,381 



9.81893^1 

8 191 151 

8194691 
8196461 
8198219 
8199997 
8301765 
83035 J* 
8305199 
8307064 
8308830 
8310595 

8.l'4iU 
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M 73 Deg. 73 Deg. 


9-^m67* 

9.8498051 

8J964.2 

8499759 

83ii3i50 

8501465 

8399888 

8503171 

840J6IJ 

8504877 

8403361 

85011581 

840S097 

8508180 

840«tiji 

8509990 

8408567 

851.693 

841OJQI 

85133^6 

8*i»ojj 

8515099 

84.37^8 

8516820 

S4IJJOI 


8417133 


841896J 

03 

84w6j6 

03 

g4M4»7 


84I4IJ7 


8415886 

?9 

84S76l,t 

)S 

8419344 

»4 

843io;a 

1°. 

843»;9(> 

86 

8434516 

81 

8436151 

77 

8437978 

li 

8439703 

66 

£44U>8 

8543959 
8545653 

844JIJI 

S444S76 

8547345 

8446599 

8549037 

8448311 

8JJO719 

84J0S4* 

8JJ1410 

84J1766 


8453487 


845510? 



9 



5 

84610S4 


8463801 

■9 

8465520 

6 

8467137 

B569301 

8468953 

8570,87 

8470669 

8571671 

8471384 

8574356 

S474099 

8576040 

8475813 

8577713 

8477517 

*5794C6 

8479140 

8581089 

8480953 

8581770 

848166J 

S584451 

8484377 

8586131 

8486086 

85178 "3 

8487799 

8589491 

8489509 

8591171 

8491119 

8591851 

B491918 

8594J11> 

8491636 

£596006 

8496344 

8597884 

8498051 

8599560 


9.859!>56o 
8601137 

8604588 
*i6o6i6i 
8607936 


[9641 

8611981 
8614631 
8616319 
6617987 
8619655 
8631311 
8631989 
8634655 
8636310 
8637985 
8639il5» 
86413.4 
8641978 
8G44641 
8646303 
8647966 
8649617 
86J118S 
8651949 
8654609 
8651(169 
86579=8 
8659586 
8661144 
8661901 
8664559 
E666116 
8667H71 
8669517 
K671181 
8673837 
8674491 
867614! 
8677798 
8679450 
8681101 
8681754 
86844U5 
8*86056 
8687706 
B689355 
8691C04 
8692653 
8694301 
8695949 
8697596 
8699143 


8701534 
8704179 
8705814 
8707468 


8ji(68i 
8717313 
87181)63 
8710604 
8711143 
8?i38g3 
8715511 
8717159 
8718-97 
8730434 
8731071 
8733707 
8735343 
8736978 
8738613 
874014S 
4741881 
8743S'5 
8745147 
8746780 
8748411 
8750043 
8751674 
8753304 
8754934 
8756563 
8:58191 
8759811 
8;6i449 
8763076 
8764703 
8766319 
876795s 
8769581 
877J106 
B771830 
8774454 
8776078 


87ai567 
87S418S 
8785ao9 
8787419 
8789^49 
S7S0668 
8791186 
8793905 
8795511 
8797140 


70 ueg. 

7 7 "eg- 

M 

9.8797140 

9,8893191 


8798756 

8894879 


880037* 

8896467 


8801988 

88j>8054 


8S03604 

8899640 


8805118 
8806833 

•w;f 

i 

8^8446 


7 



8 

8811673 

nH66 

9 

881318; 


jo 

88 14897 


ii 

8816508 



8818119 

8819730 

W 

13 

14 

8811340 

;fflB6i 

15 

8811949 

■:'.^4» 

16 

8814518 

8910111 

17 

8816167 

£911801 

18 

8817775 

891338* 

19 

8819381 

8914961 


8B30989 

8916539 

11 

8811596 

89i£ii7 


8834101 

8919695 

13 

8835 B07 

89)1171 

14 

8837413 

893*849 

»J 

8839CI7 

8934415 

16 

884061, 

8936000 

17 

8841115 

8937576 

iS 

8843818 

8939150 

19 

8845431 

8940715 

3" 

13 

8941199 

3' 

15 

8943871 

3» 

16 

8945445 

33 

17 

8947017 

34 

(8 

£948589 

3S 

18 

8950161 

3^ 


8951731 

37 

8858136 

8953301 

38 

8859834 

8954871 

39 

81161431 

8956441 

4" 

8863030 

8958011 


8864617 

8v5958o 

4> 

8866113 

8961148 

43 

8867819 

£961716 

44 

88694IJ 

8964183 

45 

8871010 

8965850 

46 

8871605 

8967416 

47 

8874199 

8968981 

48 

8875791 

S9 70547 

49 

83773E6 

8971111 

50 

8878^78 

8973677 

51 

8Kbo5:i 

8975141 

51 

£KKii6i 

8976804 

53 

8883754 

8978367 

54 

SS85344 

8979930 

55 

B8S693J 

8981491 

56 

8S88ji5 

89B3CJ4 

57 

8800.14 

8984615 

58 

8:;si7=3 

8966176 


81.9311.1 

8987736 

60 
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M 78 Deg. 79 Deg. 80 Dcg- 81 Dcg. 82 Dcg. 83 Degl M 




98987736 

9.9080510 

9.91 7 1650 

» 

8989206 

9082043 

9*73155 

d 

• 8990855 

9083575 

9174660 

3 

8992414 

9085 106 

9176165 

4 

8993973 

9086637 

9177669 

J 

8995531 

9088167 

§179*72 
9180675 

6 

8997088 

9089697 

7 

8998645 

9O9I2I7 

9182178 

8 

8990202 

9092756 

6183680 

9 

9001758 

9094285 

9185182 

JO 

90033^3 

9095813 

9186683 

11 

9004869 

9097341 

9188184 

12 

9006423 

9098868 

9*89685 

13 

9007978 

9100395 

9191*85 

X4 

9009531 

9IOI92I 

^192684 

J5 

901 1085 

9IO3447 

9*94183 

i6 

901 1638 

9104973 

9195682 

17 

9014190 

9106498 

9i97i8p 

i8 

9015742 

9108022 

9198678 

19 

90172^4 

9*09547 

9200175 

ao 

9018845 

91 I 1070 

9201672 

21 

9920395 

9II2593 

9203169 

2x 

9021945 

9X14116 

9204665 

a3 

90*3495 

9115639 

9206160 

14 

9045044 

9II.7I6I 

9207656 

45 

9026593 

9118682 

9209150 

26 

90^^8141 

9120203 

9210644 

a? 

9029689 

9I2I743 

9212138 

28 

9031236 

9123244 

9^13^3^ 

29 

9034783 

9I24763 

9215115 

30 

9034330 

9126282 

9216617 

31 

9035876 

9127801 

92181O9 

3* 

' 9037421 

9*29319 

9219601 

33 

9038966 

9130837 

9221092 

.34 

90405 I I 

9^3^355 

9222583 

^5 

9042055 

9^33872 

9224073 

36 

9043599 

9*35388 

944^^563 

^7 

9045 142 

9136904 

92 270 j 2 

38 

9046685 

9138420 

9228541 

39 

9048227 

9139935 

. 9230030 

40 

9049769 

9141450 

9231518 

41 

905 1 3 10 

9142964 

9233006 

42 

9032851 

9144478 

9434493 

43 

9054392 

9*45991 

9235980 

44 

9055934 

9M7504 

9237466 

4S 

9^57471 

9149016 

9438952 

46 

905901 I 

9I50528 

9240437 

47 

9060549 

9I52040 

9241922 

48 

' 9062087 

9^53551 

9243407 

49 

906J625 

9155062 

9244^9* 

50 

^065163 

9156572 

9446375 

51 

9066699 

9158082 

9447858 

5* 

9068336 

9*59591 

9449341 

53 

9069772 

916H00 

9240824 

54 

9071307 

9162609 

9252306 

55 

9072842 

9164117 

9453787 

56 

9^74377 

9165624 

9255268 

•^Z 

9075911 

9167131 

9256749 

58 

9077445 

9168638 

9258229 

59 

9078978J 

9*70144 

9459709 

t^. 

•;b8o5io| 

91 71650 

9261188 


9.926II88 
926x667 
^264146 
9265624 

9267IOI 

9268579 
8270055 

9471534 
9273008 

9274483 
9475958 
9477433 

9278907 
9280380 

9281854 
9283327 

8284799 
9286271 

9487743 

9289214 
9290684 

9292155 
9293624 
^295094 

9496563 
9298031 

9499499 

9300967 

9302434 
9303901 

93053^57 
9306833 
9308299 
9309764 
9311228 
9314693 
9314156 

93X5620 

9317083 
9318545 

9320067 
9321469 
9322930 

9344391 

93^5>^5i 
93473" 
9348771 
9330230 
9331688 

9333^6 
9334604 
9336062 
9337518 
9338975 
9340431 
9341887 
9343342 

9344797 
934<J2si 

9347705 

9349^5^ 


6.9349*58 
9350611 
9354064 

9353516 
93549<J8 

9356419 
9357870 
9359341 
9460771 
9362220 
9363670 

9365 "9 
9366567 

9368015 

9369462 

9370969 

9374356 
9373802 
9375248 
9376694 

9378139 
9479583 
9381027 

9382471 

9383914 

9385357 
9386800 

9388242 

9389683 

9391124 

939^5^5 
93940C5 

9395445 
9396885 

9398344 
9399762 
9401 201 
9402638 
9464076 

9405513 
9406949 

9408385 

9409821 

941x256 

9412091 

9414126 

9415560 

9416993 

9418426 

9419859 

. 9421291 

9422723 

9424155 
^425586 
9427016 

9428447 
9429876 

9431306 

9434735 
9434x63 

943559* 


9 943559* 
9437019 

9438446 

9439873 
944i3(co 

9442726 

9444151 

9445577 
9447001 

9448426 
9449850 
9451473 
9452696 

9454119 
9455541 
9456963 

9458385 
9459806 

9461226 

9462646 

9364066 

9465486 

9466904 

9468323 

9469741 

9471 159 
9474576 

9473993 
9475409 
9476825 
9478241 

9479656 
9481071 
9482486 
9483899 

9485313 
9486726 

9488139 

9489551 

9490963 

9494375 
9493786 

9495196 
9496607 

9498016 

9495^426 

9500835 
9502243 
9503(^5^ 
9505059 
9506467 

9507874 
9509280 
9510686 
9512092 

9513497 
9514902 
9516307 
9517711 

9519115 
9540518 
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II 
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15 
16 

17 
18 

19 

20 

2f 
22 
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44 
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37 

38 

39 
49 
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5X 
5* 
53 
54 
5S 
56 

5i 

59 
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